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THE INHERITANCE OF REACTION TO 
USTILAGO ZEAE IN MAIZE’ 


F. R. IwMer? 


Introduction 


Ustilago zeae (Beckm.) Unger is one of the most destructive 
pathogenes affecting corn. The annual losses in the United States 
from this organism, in 1924, 1925, and 1926 were estimated at 1.8, 
1.79, and 1.6 per cent of the total crop (57, 58, 59).° During years 
when the prevalence of corn smut approached a smut epidemic, smut 
destroyed the ears of from Io to 15 per cent of some self-fertilized 
lines of corn grown at University Farm. 

Because the organism causing corn smut can live as a parasite 
on corn plants or as a saprophyte in the soil for a long time, its 
control by cultural practices is very difficult. Infections on the plants 
are entirely local, making seed treatment useless. Obviously, the only 
method by which corn smut can be controlled is the production of 
resistant varieties of corn. 

Corn is largely cross-pollinated (31) and the factors determining 
its characters are, as a consequence, largely in a heterozygous con- 
dition. In order to study the inheritance of such maize characters as 
resistance to disease, it is necessary first to obtain strains which are 
homozygous for the factors determining the characters in question. 
This can be accomplished by producing pure lines by selfing. Once 
strains have been produced which are pure for the characters in ques- 
tion, crosses can be made between strains differing in reaction, under 
given environmental conditions, and the mode of inheritance of the 
characters under investigation can be determined. Inbreeding decreases 
variability and leads to homozygosity. Many characters normally 
carried in the recessive condition can be isolated by inbreeding. The 
only result of inbreeding from an inheritance standpoint is the isola- 
tion of pure lines. Abnormal morphological, pathological, or other- 
wise undesirable characters are isolated in this way and may be 
eliminated. 

The study reported in this bulletin has been a part of the general 
study of disease resis‘ance conducted by the sections of plant breed- 
ing and plant pathology. The problem upon which this discussion 

1 Submitted also to the faculty of the University of Minnesota as a thesis in partial 
fulfilment of the requirements for the degree of Doctor of Philosophy; granted June 13, 1927. 

2 Grateful acknowledgment is made to Dr. H. K. Hayes, under whose direction these 
studics were made; to Dr. E. C. Stakman and Dr. J. J. Christensen for help with the 


pathological phases' of the problem; and to Dr. R. J. Garber for assistance in conducting 
a co-operative experiment reported here. 


8 Reference by number is to aie, sas” 
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is based is a continuance of the investigation of the inheritance of 
reaction to Ustilago zeae in maize begun by Hayes, et al (32), and the 
determination, if possible, of the mode of inheritance of resistance or 
susceptibility to smut. 


REVIEW OF LITERATURE 


Piemeisel (56) concluded that healthy, vigorous plants from two 
to three feet high were most susceptible to infection by the smut- 
producing organism. Injury tended to increase the chances for infec- 
tion but was not necessary for successful infection. 

Hitchcock and Norton (33), in 1896, noticed that successively 
the leaves, tassels, ears, and lower nodal buds in turn became principal 
areas for infection because of the meristematic condition of these 
parts of the plant. When young leaves were infected many of the 
infected areas did not develop sufficiently to produce mature spores, 
owing, probably, to the rapid maturing of the leaf tissue and the 
consequent inability of the fungus to spread through the older tissue 
(56). 

Potter and Melchers (60) concluded that infection depends not 
so much on the time of the season as on the stage of development of 
the host plant. Moisture is probably a factor in the infection of certain 
parts of the corn plant, but these investigators concluded that it is 
exceedingly doubtful, particularly in the case of ear and nodal infec- 
tions, if moisture can be considered in any material degree a limiting 
factor in smut development under such climatic conditions as are 
required for the maturity of maize. 

Both Pammel and Stewart (55) and Potter and Melchers (60) 
noted that when smut boils appear on one part of the corn plant there 
is a strong tendency for infections to appear also on other parts of 
the plant. The lower nodal buds, or rudimentary pistillate inflor- 
escences, are some of the most common points of infection (60). 
Pammel and Stewart (55) concluded that if one smut boil makes its 
appearance on the lower nodes others often make their appearance 
farther up. 

The location of smut boils on the plant has been found by Garber 
and Quisenberry (25), Hayes et al (32), and Immer and Christensen 
(36), to be a strain characteristic. Different strains have the majority 
of smut infections on different parts of the plants. This tendency is 
inherited from year to year. 

Several investigators have studied the inheritance of smut reaction 
in corn. Jones (37) made crosses of several long-time selfed lines © 
of maize and found that resistance was dominant in the F, and that 
segregation occurred in the F,. Hayes, et al (32), from six different 
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crosses of selfed lines, concluded that F, crosses of resistant strains 
were more resistant than either parent, while the F, crosses between 
resistant and susceptible strains produced an intermediate degree of 
infection. Apparently it was easy to isolate self-fertilized lines of 
corn which differed in their inherited reaction to smut infection in an 
artificially induced smut epidemic. This indicates that only a tew 
main genetic factors were involved in determining resistance or suscep- 
tibility to smut infection. 

Garber and Quisenberry (25) isolated selfed lines of corn in 
which the percentage of infected plants varied from 0.0 to 77.0 per 
cent. It was not difficult to isolate strains with an appreciable degree 
of resistance to smut. Resistance was constant in successive seasons’ 
trials. 

Immer and Christensen (36) presented further data on some of 
the selfed lines and crosses first reported by Hayes, et al (32). Their 
results corroborated the previous Minnesota studies in that dominance 
of resistance or susceptibility to smut was lacking. Further study 
was found to be necessary before the number of factors involved in 
determining certain reactions of selfed lines and crosses to corn smut 
could be determined. 

Coffman, Tisdale, and Brandon (7), from observations of the 
progeny of ears from the same parent ear rows, in ear-to-row breed- 
ing tests, found differences in susceptibility to smut when corn was 
grown under normal field conditions. These differences were due to 
different female parents. 

Several investigators have attempted to infect corn seedlings grown 
in the greenhouse, with smut. Sartoris (61) inoculated seedlings 
grown in sterile test tubes in the greenhouse with mycelium of Ustilago 
zeae obtained from pure cultures, but no infection resulted. He con- 
cluded that mycelium obtained in culture is unable as such to infect 
the host. 

Arthur and Stewart (3) germinated corn between moist cloths and 
sprayed the seedlings with smut conidia when the plumules were 
about 1.5 inches long. The-seedlings were then kept between moist 
cloths for 24 hours before being transplanted to pots. Seven of the 
thirteen plants inoculated developed smut. 

Tisdale and Johnston (71) found corn seedlings to be as suscep- 
tible to smut infection as older plants. The same strain differences 
found in the field were found to exist in the greenhouse. High 
temperatures (80° to 95° F.) were found to favor infection. It was 
concluded that corn seedlings escaped infection under field condi- 
_ tions because of low temperature during the seedling stage. Resistant 
strains of corn inoculated with smut conidia were infected in the 
seedling stage, especially when very young, but were able to suppress 
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invasion of the fungus to a certain extent, while susceptible plants 
were often killed. Resistance was internal and physiological rather 
than morphological. It was concluded that some internal reaction 
on the part of the resistant plant holds the fungus in check within 
the plant. Some results obtained by the use of smut from different 
states suggests that different physiologic forms of smut may have been 
used. 

The work of several investigators foreshadowed the actual demon- 
stration of the existence of physiologic forms of Ustilago zeae. 
Melchers (54), in 1921, found that cultures of smut seemed to differ 
in their ability to produce infections when plants were artificially inocu- 
lated. Selections and crosses of corn resistant to smut infection in 
one state were often more susceptible in another state. Tisdale and 
Johnston (71) found a difference in the ability of smut from different 
sources to infect corn seedlings. It remained, however, for Stakman 
and Christensen (68) to suggest the existence of several physiologic 
forms of corn smut and for Christensen and Stakman (6) actually to 
demonstrate the existence of at least twelve physiologic forms of 
Ustilago zeae on culture media and of seven physiologic forms dif- 
fering parasitically. Some forms mutated very rapidly on culture 
media while others did not (6). It seems logical to conclude that a 
large number of physiologic forms of corn smut exist under normal 
field conditions. 

The inheritance of quantitative characters in plants has been studied 
by several investigators by means of a study of their linkage relations 
with factors located in known linkage groups. Lindstrom (49, 52) 
has presented very good evidence that size factors in the tomato are 
linked in inheritance with the two qualitative color factors Rr and Yy. 

Quantitative inheritance in the garden bean has been studied by two 
investigators. Sirks (65) advanced the hypothesis that size was de- 
pendent on factors controlled by an inhibiting factor, , linked with 
a recessive color factor. Sax (62, 63, 64) presented data on linkages 
between seed weight and mottling and pigmentation of the seedcoat, 
seed weight and vine type, and yield and seedcoat characters. Sax con- 
cluded that the inheritance of yield can be determined only by a study 
of the linkage relations between qualitative factors whose linkage rela- 
tions are known, and the factors determining yield. 

Griffee (26, 27) studied the inheritance of resistance to Helmun- 
thosporium sativum Pammel, King and Baake in relation to certain 
qualitative characters in a cross of two varieties of barley. Resistance 
was found to be associated in inheritance with the independently in- 
herited factor pairs for 2-rowed vs. 6-rowed, rough vs. smooth awns, 
and white vs. black glumes. 
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The inheritance of such a quantitative character as smut reaction 
in corn will, in all probability, be most easily determined by establishing 
the linkage relations between the factors determining smut reaction and 
known factors in the chromosome linkage groups. 


EXPERIMENTAL METHODS AND MATERIALS 


The selfed lines used as parents in making the crosses for this 
inheritance study were produced under “smut epidemic conditions” 
in a co-operative investigation carried on by the sections of plant 
breeding and plant pathology. The reactions of the parent lines from 
1920 to 1924, inclusive, and of the F,, F,, and backcrosses between 
these parent lines have been previously reported (32, 36). The parent 
lines for these crosses were selfed lines of Minnesota No. 13, Rustler, 
and Longfellow. The first two varieties mentioned are dents while 
the last is a flint variety. The crosses were confined to selfed lines 
within a variety. The parental strains had relatively the same _per- 
centage of smutted plants for several years and were consequently 
assumed to be practically homozygous for a certain manner of reaction 
under conditions favorable for infection by the pathogene. 

The corn was grown in rows of 28 or 42 hills each, the hills being 
spaced one foot apart in the row. Two seeds were planted in each 
hill, when sufficient seed was available, and the hills were thinned to 
a single plant basis when the plants were about six inches high. Except 
in a few cases when sufficient seed was not available, each strain or 
cross was replicated in two systematically distributed rows. The 
-F, linkage study material, however, was grown in a separate plot in 
1926, only one seed was planted per hill and the cultures were not 
replicated. 

All plants in each culture were given a number, and notes were 
taken on the location and the amount of infection, if any, on each 
plant at three different times during the summer. The first notes 
were taken about August 1 for the purpose of noting the early plant 
infections, particularly on the leaves. About August 25 notes were 
again taken; this time stalk infections predominating. Notes were 
taken a third time about September 20, primarily to obtain data on 
ear infections, which were not evident on August 25. In 1926 notes 
were taken only twice because of abnormal weather conditions—on 
August 16 and September 15. In the F, linkage study, data were 
taken but once and then when it was thought that maximum infection 
of the plants had been reached. 

The location of smut infections on the plants was noted as: S, 
sucker; M, main stalk; L, leaf; Se, leaf sheath; T, tassel; Mb, main 
Stalk base; and Sh, shoot or rudimentary ear bud. Multiple infections 
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were recorded as Mi, and incipient infections as In. The smut boils 
were classified into five groups according to size: In, incipient; W, 
warty; S, smaller than one inch in one or two diameters; M, larger 
than S and smaller than L; and I., larger than 4 inches in more than 
one diameter (see Figs. 1 and 2). In summing up the notes on total 
infection, the percentage of plants infected, barring incipient infection, 
was taken as the total percentage of infection for the strain. The 
smut boils classified as “incipient” dried up before ripening. 

A smut epidemic was induced artificially by two methods: (1) 
smut spores were mixed with manure and this was spread over the 
plot when the seedlings were from 3 to 6 inches high. (2) Beginning 
when the plants were about 2 feet high and continuing until they were 
almost mature, the plants were sprayed with a water suspension of 
smut sporidia, in the evening, about every ten days. This was done 
under the direction of J. J. Christensen, of the section of plant 
pathology. 

Selfed lines of corn which were apparently highly resistant to smut 
in the plant breeding nursery, as determined from several years’ notes, 
were grown in the “smut inheritance plot’? to determine to what 
extent it was possible to isolate smut-resistant strains of corn under 
non-epidemic conditions, when the corn was grown under a system- 
atic rotation, as compared to the reaction of these strains when 
grown in an artificially induced smut epidemic. 

Thirty-four selfed lines which were being used as parent lines 
for single and double crosses in the plant breeding nursery, were 
grown in the smut inheritance plot in 1926 in order more accurately to 
test the manner of their reaction to smut. These strains were not 
selected because they were thought to be resistant to smut infection 
but because of their general desirability as parent lines for making 
crosses, as judged from several years’ observations and notes, one of 
which was the note on smut infection. 

Eight low smut strains, proved to be such under epidemic condi- 
tions, were combined in 1925 in order to determine whether the same 
genetic factors were concerned in determining resistance in all parent 
lines of such a combination. In making the combination, pollen was 
collected from seven of the eight strains, mixed, and used to pollinate 
the eighth strain, and so on until all the parent strains had been pol- 
linated by a mixture of pollen of the other seven strains. The progeny 
of each female parent was grown separately in 1926. 

During 1925 and 1926 a co-operative experiment was carried on 
by the sections of plant breeding and plant pathology at the University | 
of Minnesota and the department of agronomy of the University of 
West Virginia. Ten selfed lines of corn from each experiment station, 
of known reaction in a smut epidemic, were exchanged and these twenty 


‘ 


> 


USTILAGO ZEAE IN MAIZE 9 


strains were grown at both experiment stations in 1925 and 1926. It 
was hoped that this would give an index to the reaction of different 
selfed lines under different environmental conditions and against, pos- 
sibly, different physiologic forms of corn smut. 

Selfed lines of corn with known genetic factors in one or more 
of the eight established chromosome linkage groups were also grown 
in the smut inheritance plot, for the purpose of determining their 
resistance or susceptibility to smut in order that they might be crossed 
with other selfed lines differing in smut reaction and one or more 
known genetic factors; and the presence or absence of linkage between 
factors determining smut reaction and these qualitative factors deter- 
mined. It was hoped that the location of the factors determining resist- 
ance or susceptibility to smut might be established in one or more of 
the chromosome linkage groups and their inheritance more definitely 
determined. Crosses were made, therefore, between strains differing 
in these known genetic factors and in smut reaction. Six such crosses, 
involving nine different factor pairs, located in six different chromo- 
some linkage groups, were made in 1924; and four more crosses, involv- 
ing four more factor pairs and adding one more linkage group, were 
made in 1925. The F, crosses were grown in 1925 and 1926. The 
F,, generation of the 1924 crosses was grown in 1920. 

Seedling infection in the greenhouse was studied by hypodermically 
inoculating F, lines of seedlings grown from seed of forty-one F, 
plants selected at random from a cross of Rustler high & low smut 
lines. The same F, lines had been grown in the field in both 1925 
and 1926. Seed of the same F, ears was used both years in the field 
as well as for the greenhouse test. A preliminary greenhouse test of 
the susceptibility of the seedlings from the parent lines gave incon- 
clusive results, owing to the small number of plants involved. An 
insufficient amount of seed prevented the parent lines from being 
tested a second time. 

The seeds were planted in sand in the greenhouse bench on December 
16, 1926, in rows crosswise of the bench, sixteen seeds being planted 
per row and each culture replicated twice, that is, grown in three 
systematically distributed rows. The seeds were spaced 2 inches apart 
in rows 3 inches apart. On January 8, the seedlings were artificially 
inoculated with sporidia in carrot decoction, from a single physiologic 
form of Ustilago zeae obtained from Dr. Christensen. This physio- 
logic form was originally isolated from a smut infection on a plant 
in a Longfellow low smut culture grown at University Farm. 

The seedlings were inoculated by hypodermic injection of smut 
conidia into the plants in two places—the growing point of the plant 
and again about an inch higher. Notes were taken on both the place 
and the degree of infection of the individual seedlings, on one replicate 


10 MINNESOTA TECHNICAL BULLETIN 51 


on January 19 and on the other two replicates on January 21. In 
calculating the percentage of seedlings infected by smut in a given 
F, line, only those plants were considered as smutted which had 
developed definite smut boils (See Fig. 7). Plants with only small 
pimples on the leaves or chlorotic areas surrounding the point of 
inoculation of the leaves were not considered smutted. 


EXPERIMENTAL RESULTS 


In order to study the inheritance of resistance to smut, it was first 
necessary to isolate parent strains which were apparently homozygous 
for the factors determining a particular type of smut reaction. This 
homozygosity was reached by the method of selection in self-fertilized 
lines. Considering the apparent ease with which Hayes, et al (32), 
and Garber and Quisenberry (25) succeeded in isolating selfed lines 
of corn breeding true for a particular type of smut reaction, it appears 
that only a few main faetors were involved in determining resistance. 
The manner of inheritance of these factors was unknown, however. 

Each of the selfed strains and crosses in the smut inheritance 
plot was grown in two systematically distributed plots. The cor- 
relations between the percentage of total plants infected in the first 
and second series of these plots in 1924, 1925, and 1926 are given in 
ables sl and st PE 


TABLE I 


CorRELATION BETWEEN PERCENTAGE OF ToTAL SMUT INFECTION IN FIRST AND SECOND SERIES 
oF A UNIFORM REPLICATION 1N 1924 


Percentage total smut in first series 
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r = +0.7982+0.0272 
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TABLE II 


CoRRELATION BETWEEN PERCENTAGE OF ToTaL SmMuT INFECTION IN FIRST AND SECOND SERIES 
OF A UNIFORM REPLICATION IN 1925 


Percentage total smut in first series 
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TABLE III 


CoRRELATION BETWEEN PERCENTAGE oF Torat Smut INFECTION IN First AND SECOND SERIES 
oF A UNIFORM REPLICATION IN 1926 


Percentage total smut in first series 
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The correlation coefficients were high, as would be expected, in- 
dicating that the strains reacted in very nearly the same way when 
grown in different parts of the field. 

The probable errors were calculated by the pairing method first 
suggested by Wood and Stratton (73).4 This formula gives the 
probable error in percentage for the mean of the two plots of each 
strain systematically replicated. 

The probable error for the average of several years was computed 


I 
from the formula - : - 
“ N vVa?+b?....n? where N= the number 
of seasons in which the probable errors were obtained anda+b....n 


represents the separate errors for each year. 

The probable error in percentage of the mean of two plots system- 
atically replicated, as calculated by the pairing method, was deter- 
mined for the groups of strains with a percentage of infection between 
two arbitrary limits. The probable errors of each such class or group 
of selfed lines, in 1924, 1925, and 1926, and the number of pairs of 
strains in each class from which the probable error was calculated, are 
given in Table IV. 

TABLE IV 


PROBABLE ERROR IN PERCENTAGE OF SMUT INFECTION IN SELFED LINES AND Crosses DIFFERING 
IN PERCENTAGE OF SMUT INFECTION AS CALCULATED BY THE ParrRinc Mernop 


Percentage 1924 1925 19206 
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The probable error is seen to decrease rapidly as the percentage 
of smut infection increases. The reason for this is readily observed. 
While the actual deviations from the means in the low smut strains 
is smaller than in the high smut strains, the percentage of deviation 
is far higher for the low than for the high smut strains. A high prob- 
able error for the low smut strains is to be expected because a deviation, 


= (dev. in %) 


Cas == Sena ee where © = summation, dev. in % = deviations in percentage 
VN 

of infection of each plot of a selfed strain or cross from the mean of both plots of that 

strain, n = the number of deviations in percentage, and N = the nwimnber of plots in each 


strain. 
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even tho small, gives a high percentage of error. The probable errors 
for the entire experiment were 17.1, 10.5, and 18.4 per cent for the 
years 1924, 1925, and 1926. It is obviously unfair to use these average 
probable errors for all strains regardless of their percentage of smut 
infection, because such probable errors would be too lenient with the 
low smut strains and would have an opposite effect on the high smut 
strains. The smaller number of low smut strains in the 1925 test 
explains the low (10.5 per cent) average probable error for that year. 
The probable errors of the strains and crosses in the 1924, 1925, and 
1926 tests were, therefore, calculated from the probable errors in per 
cent in the classes into which the strains fell, as given in Table IV. 
The probable errors for past years, when used, were those previously 
reported by Hayes, et al (32). 


Reactions of Parent Strains and Crosses to Smut Infection 


Eleven selfed lines of corn which seemed to be homozygous for a 
particular reaction to Ustilago zeae in a smut epidemic, were selected 
as parent strains to be used in making crosses for a study of the in- 
heritance of smut reaction. The percentage of total and of ear smut 
infection on these parent lines from 1921 to 1926, inclusive, is given in 
Table V. Ear smut, being very important from an economic standpoint, 
was calculated separately. 

TABLE V 


PERCENTAGE OF Totat and Ear Smut INFECTION OF SELFED LINES OF CORN WHICH WERE 
Usep as Parent Lines 1n Maxkinc Crosses 


Percentage of total smut 


Variety Cult. - -_——-— 
No. 1921 1922 1923 1924 1925 1926 Average 
oo SNe es eee 28 84.5 100.0 98.0 83.8 100.0 89.2 92.6+3.6 
Oi) > 3tiRoo eee 38 28.5 2.5 12-4 33-4 42.3 41.7 26.8+1.7 
ch. : op deca Oeaee 33 2.0 2.2 12.6 4.3 335 0.0 4.10.5 
MUM INO ES Goi ene 30 58.0 62.8 85.5 74.4 97-4 52.2 71.7+2.9 
ERED ce icycisies's, « 31 14.0 40.0 21.8 29.4 47.7 48.2 335512240) 
I A estes ares 17 10.5 65.6 14.0 sist aia Sch = weciptnmaverenns 
ongtellow 4....65.26- 41 73.0 83.7 65.9 wwe 95.7 79.5 79.6+3.4 
Gb) Sic errs a 40 12.0 2727 69.1 52.4 Tog 69.0 Ble3 at 255 
felt. gel ere eee 42 65.0 84.0 67.1 27.3 27.1 17.4 48.0+2.9 
“iy, 43 4.5 19.4 7.4 15.0 8.8 9.5 10.8+1.1 
ities a edavb bye) We gpidloeiog 39 58.0 84.0 97.5 peer 100.0 78.0 83.8+4.0 
Percentage of ear smut 
eaietle camer t le rset: 28 es) 21.3 28.0 5.6 26.0 15.2 17.9 
(i) yt Ree eR 38 14.4 0.0 4.0 8.0 7.7 18.1 8.7 
GOMER goa 2e i a's ayaa) 33 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TSG SOB eee 30 32.0 26.6 16.8 36.5 26.2 10.9 24.8 
Gio) =" 98 eecnreecienn 31 0.0 4.0 4.5 0.0 en 7.4 3.2 
CLO Daa coeis i stasan> 7, 0.0 0.0 2.0 aa =e oom 
Longfellow ...:...... 41 35-4 20.9 26.5 coe 19.5 8.8 22.3 
do iets Binyehs deus 40 4.8 9-7 13.0 47.6 44.5 50.0 28.2 
Gl ahepleseetens 42 12.4 6.0 30.6 5.5 16.7 4.3 12.6 
at) (Eaters Seen 43 0.0 25 0.0 0.0 1.8 0.0 0.7 
King Phillip ........ 39 41.7 51.3 95.0 and 100.0 63.4 70.3 


* Culture 17 was lost in 1923. 
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Eight of the strains gave nearly uniform results from year to year, 
indicating that the factors determining the particular type of smut 
reaction were in a practically homozygous condition. Cultures 17, 40, 
and 42 showed considerable variability. 

Culture 17 was much more susceptible to smut in 1922 than in 
1921 or 1923, 44.7 per cent of the infections in 1922 being due to 
tassel infection alone. Tassel infections were low in this strain in 
the other two years. Culture 42 had an average of 72.0 per cent of 
the plants infected by smut during the first three years of the test 
and only 23.9 per cent during the last three years. Apparently, the 
genotypic condition which determined the reaction of this strain from 
1921 to 1923, inclusive, was not the same as that which determined 
its reaction from 1924 to 1926. The reverse was true with ear smut 
in culture 40. In this strain an average of 9.2 per cent of the plants 
were infected by ear smut during the period 1921 to 1923, and 47.3 
per cent from 1924 to 1926. Culture 40 had a much higher percentage 
of smutted plants during the last four years of the test than during 
the first two years. 

The relationship between total smut infection and amount of ear 
smut was not always constant, even within a variety. Cultures 4o and 

2, in the variety Longfellow, had very nearly the same percentage 
of total smut for an average of six years, but twice as much ear 
smut was produced on culture 4o as on culture 42 during this period. 
The King Phillip culture, No. 39, had an extremely high percentage 
of ear smut. Since smut in corn is a pathological condition dependent 
on environmental conditions for dissemination of the spores and con- 
sequent chance for infection, some variability of infection is to be 
expected from year to year. 

These parent lines were classified as high, medium, and low smut 
strains according to the average percentage of infection from 1921 to 
1924, inclusive. Thus, the strains with an average of 0.0 to 15.0 
per cent of total smut were classified as low smut strains; those with 
an average between 15.0 and 52.0 per cent were called medium smut 
strains; and those with an average of over 52.0 per cent infection 
were called high smut strains. Figure 3 shows the high smut strain 
of Rustler which was used in these crosses. While varying some- 
what, the parent lines (except cultures 17, 40, and 42) were quite 
uniformly within these class limits from year to year. Culture 42 . 
was a high smut line in the first three years of the test and a medium 
smut line in the last three years. In culture 4o there was a steady 
increase in ear smut infection from 1921 to 1926. 

The F, crosses were grown in 1923 and again in 1924, when suf- 
ficient seed was available ; 1922 seed was used both years. A summary 
of the percentage of total and ear smut infection in these F, crosses 
is given in Table VI. 
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TABLE VI 


PERCENTAGE OF Totat AND Ear Smut INFECTION IN Fy; Crosses 


Percentage Percentage 
’ Cult. Type of total smut ear smut 

Variety No. smut - — = 
reaction 1923 1924 Avy. 1923 1924 Av. 
Rustler 2.5). .6..6 28 X 33 High X Low Da O ph sate et ahi, a ko Ae Cou Plaats 
icp) | Sa 3a aes 38X 33 Med. X Low 3:0 2.6 2.8+0.8 0.0 0.0 0.0 
Minn. No. 13 ... 30X17 High X Med. 45% 46.5 45.8-- 3:0 t2a.60 S20 eae 
do ray AST Med. X Med. 8:6 82.5) 20,:6--2.2 0.0 6.5 4.3 
Longfellow ..... 43 X 42 Low X Med. 60.7 61.2 61.0+4.9 $5.0 ESL 17.0 

(0 ae RR 43X40 do NT ae R eT ORs etdtevish ales 6.5 


The percentage of total smut infection of the F, crosses was 
nearly the same for both years in three of the four comparable crosses ; 
the percentages in 1923 and 1924 for the cross of lines 17 X 31 
varied considerably. The difference between the results of the two 
years for this cross was five times its*probable error. Such a large 
difference would be expected but once in 1350 trials on the basis of 
random sampling. In this cross, however, the 1923 data were obtained 
from only 35 plants grown in two systematically distributed rows, 
while the 1924 data were obtained from 77 plants grown in a single 
row. 

The F, progenies were grown from seed of the selfed ears of the 
1923 F, plants. The backcrosses of the F, with the parent strains 
were made in 1923 and the progenies were grown in 1924. In eight of 
the backcrosses it was possible to compare the percentage of smut 
infection of the progeny from crosses in which the F, was used as 
the male and as the female parent. That is, the F, was used as the 
staminate and as the pistillate parent in crossing back to either or both 
of the parent strains. A comparison of the percentage of smut found 


when the crosses were compared with their reciprocals is given in 
Table VII. 


TABLE VII 


CoMPARISON OF PERCENTAGE OF ToTAL SMuT IN COMPARABLE CROSSES WHEN THE F, Was 
UseEp AS TIE STAMINATE AND WHEN USED AS THE PISTILLATE PARENT 


Percentage total smut 


Cross F, as S minus 
Fias F, as 2 Fy, as 2 

Med. X High X High ....... 74.0+3.9 74.343.9 = 0.35.5 
Low X Med. X Med. ........ 72.84+3.8 53.0+5.4 +19.8+6.6 
Med. X Med. X High ....... 55.0+5.6 45.2+3.4 + 9.8+6.6 
Med. & Med. X Med. oct... 32.9+4.6 30.0+4.2 + 2.9+6.2 

GOMES Oe) vaeerertases 22:83= 3-3 22.5+3.2 + 0.3-+4.6 
Low X Low X High ........ 18.7 5.0 26.2+3.8 — 7.5+6.3 
Low Med: X Med. ....... 9-64+5,.2 10.8+2.9 — 1.2+6.0 
Low <Low Med. ........ 9-55.1 Ons 3.3 + 3.4+6.1 


In only one of the eight crosses compared with its reciprocal was 
the difference as high as one and one-half times its probable error. 
‘In this one cross the difference was three times its probable error, 
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which means that the odds were 22.6 to 1 that a deviation as great 
as the designated one or greater would be expected on the basis of 
random sampling. It may be concluded from these data that the 
factors for smut resistance or susceptibility were transmitted in the 
same manner in both male and female gametes. 

In Table VIII 1s summarized the percentage of total and of ear 
smut infection in the parent lines and in the F,, F., and backcrosses 
of these lines. The percentage of the parent lines and of the F, crosses 


is the average infection of these strains as 


vel 


Summary or Reactions oF Parent LINEs, 


TABLE VIII 


Lines, to Attacks oF Ustilago 


AND OF THE Fy, 


given in Tables V and 


Fe, AND BACKCROSSES OF THESE 


sede 


Generation Per cent Per cent 
Variety Parent line Type of smut selfed or total ear 
or cross reaction 055 smut smut 
Minn. No. 13 .-- 17 Medium 4 30.0+4.2 0.7 
do 31 do 7 39.5 at2ano ae 
do 17 X 32 Med. X Med. Fi 20.6+2.2 3.3 
do 17 X32 do Fy 26.2+3.8 5 ed 
do 31 X (17 X 31) Med. X (Med. X Med.) Parent * Fi 32:90+-4.6 5.0 
do sey Le GU isi) do Parent X Fy, 22.8+3.3 6.2 
do -. (17 X 31) X 31 (Med. X Med.) X Med. Fi X Parent 30.0+4.2 3.8 
do Cee SPO LF do Fi & Parent 22.5 + 3.2 Shee 
aa 30 High 7 71.7+2.9 24.8 
do 17 Medium 4 30.0+4.2 0.7 
do 30 X 17 High & Med. Fy 45.8+3.9 17.3 
do des BORG ty; do Fe 5222s 22.1 
do -» 17 X (30 X 17) Med. X (High X Med.) Parent X Fi 55.0+5.6 14.6 
do 30 X (30 X 17) High X (High X Med.) Parent X Fi 74.0+3.9 22.2 
do (30 X 17) X 17. (High X Med.) X Med. F; X Parent 45.2+3.4 9.3 
do (30 X 17) X 30 (High X Med.) X High F, X Parent 74.3+3.9 23.6 
(Mister eeesntrea oe 28 High 7 92.6+3.6 17.9 
il Veeteneeercis eo 33 Low 7 4.10.5 0.0 
Om we jxcieters 28 X 33 High X Low Fy 25.0+3.6 4.5 
Gr atic rates 28 X 33 do Fe 34-44+4.8 Ter 
Opie Aine 33 X& (8 X 33) Low X (High X Low) Parent X F, 18.7+5.0 6.3 
Tain Snes ales RAB SK B33 (High X Low) X Low Fi X Parent 26.2+3.8 ee 
(Glein ahs eaten S 38 Medium 7 20.8+1.7 8.7 
WO eta se egawns 33 Low 7 4.T 0.5 0.0 
LO Met net: 38 X 33 Med. X Low Fy 2.8+0.8 0.0 
GLE walhuheo eee 33 <33 do Fs 12.9 +3.5 2.4 
Gor Meenoeene 38 X (38 X 33) Med. X (Med. X Low) Parent X Fi 9.6+5.2 1.9 
life Genes mane 33 X (38 X 33) Low X (M d. X Low) Parent X Fy 9.5+5.1 2.4 
(lah eer eeataeeety (38 X 33) X 38 (Med. X Low) X Med. Fi X Parent 10.8+2.9 0.0 
COW sais srvaetre (38 X 33) X 33 (Med. X Low) X Low Fi X Parent 6.1+3.3 Ez 
Longfellow ...... 43 Low 7 TO.8 =i 0.7 
Gs" 4” Gowede 42 Medium 7 48.0+2.9 12.6 
GO pape ce iskwens 43 X 42 Low X Med. F, 61.0+4.9 17.0 
GO | Wissnstere 43 42 do Fe ATS aes 12.0 
Gy weaned 42 X (43 X 42) Med. X (Low X Med.) Parent X F; 72.8+3.8 22.8 
Quon bod cee (43 X 42) &-43 (Low X Med.) X Low Fi X Parent 22.4+3.2 6.5 
loro es ween (43 X 42) X 42 (Low X Med.) X Med. Fi X Parent 53.0+5.4 14.3 
OMe” Nevsrers ete 43 Low z, 10.8+1.1 0.7 
GO. | Wehesetcrete 40 Medium 77 5 kp 3 sens, 28.2 
Loy WB staeee ‘i 43 X 40 Low X Med. FL Yieifa® 25 6.5 
dO) ikl poets 43 X 40 do Fe 16.8+ 4.5 10.5 
OL Ayepe as (43 X 40) X 43 (Low X Med.) X Low Fi X Parent 28.6+4.1 5S 
CO Ramen (43 X 40) X 40 (Low X Med.) K Med. Fi X Parent 31.2+4.4 31.5 
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In the Minnesota No. 13 medium X medium smut cross, the F, 
was slightly more resistant than the more resistant parent. If, how- 
ever, the high percentage of tassel smut in culture 17 in 1923 (an 
abnormal condition) is eliminated, the F, was intermediate in reaction 
between the parents. The F, was slightly more susceptible than the 
F,. In the backcross with culture 17 the percentages of total smut 
were lower than when backcrossed with culture 31. Culture 17 was 
the more resistant of the two parent lines of this cross. 

In four of the other crosses the F, and F, gave an intermediate 
reaction between the parents. In the Longfellow low & medium 
smut cross, the medium smut parent was much more susceptible to 
smut infection the first three years of the test (1921-23, inclusive) 
than it was the last three years (1924-26, inclusive). The F, crosses 
were made in 1922 and the F, and backcrosses in 1923. The geno- 
typic constitution of this parent strain was probably different when 
these crosses were made from that during the last three years of the 
test. This might account for the fact that the percentage of infected 
plants in the F, was higher than in the six-year average of either 
parent, and the F, reaction was as high as in the more susceptible 
parent. 

The smut reaction in F, was very nearly the same as in F,. In 
four of the six crosses the difference between the F, and the F, was less 
than twice its probable error and in all crosses the difference was less 
than three times its probable error. 

In none of the backcrosses was the percentage of smut infection 
obtained significantly larger or smaller than that of either of the 
parents. In each of the nineteen backcrosses the reactions were inter- 
mediate, in twelve of the crosses being closest to that of the higher 
smut parent and in the other seven crosses most closely approaching 
that of the lower smut parent. In general, it can be concluded from 
these data that the smut reaction of the crosses was intermediate 
between the reactions of the parents. 

In studying the inheritance of ear smut infection, it was found 
that in three of the six crosses the F, generation was more severely 
infected than the average of the parents; and in the other three 
crosses the F, was less severely infected than the average of the 
parents. In the F, generation seven of the eight crosses were more 
susceptible to ear smut infection than was the F,. Of the nineteen 
backcrosses, ten were more severely infected with ear smut than either 
parent and the other nine gave an intermediate reaction, five of these 
being closest to the higher parent, one being the same as the average 
of the parents, and the other three crosses being closest to the lower 
parent. 
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Corn smut, being due to a pathogene which is dependent on en- 
vironmental conditions for dissemination of the inoculum and conse- 
quent chance for infection, and the percentage of infection conse- 
quently being quite variable, the inheritance of reaction of strains 
of corn to this organism can be best studied by self-pollinating 
a large number of F, plants selected at random and studying their 
nature by growing seed from them in the F;. 

In Table IX is graphically presented a summary of the reactions 
of 56 F, lines of the Minnesota No. 13 high & medium smut cross 
(30 X 17) grown in 1925. Unfortunately the medium smut parent 
was lost in 1923 and its reaction could not be compared with that of 
the F, lines grown in 1925. 

TABLE IX 


SumMMaARY oF PERCENTAGE TotaL SmuT In Fg Lines oF A Minn. No. 13 
Hich X Mepium Smur Cross (30 X 17), GROWN IN 1925 
The high parent had an average of 71.7 per cent smutted plants for an average of 
six years (97.4 in 1925) and the low parent had an average of 30.0 per cent smutted plants 
for an average of three years. 
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Percentage total smut 


The range of variability of these F, lines exceeded the six-year 
average for the high smut parent but did not exceed the smut reaction 
of the high smut parent in 1925, the year the F, lines were grown. 
More of the F, lines resembled the more susceptible parent than the 
more resistant parent line, fifty-two being high smut lines while only 
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four were medium smut lines in 1925, a very favorable year for a 
high degree of smut infection. The number of genetic factors involved 
can not be concluded from these data, however. 

F, lines of another cross, that of Rustler high « low smut strains 
(28 & 33) were grown in both 1925 and 1926 from seed of the same 
F, plants. In Table X is shown the correlation between these F, 
lines when grown the two different years. 


TABLE X 


CoxzerL_ation Between Peecentace or Torat Suut Inrection or Fy Hicu % Low Smut 
Lines Grows 1% 1925 AND 1926 FROM SeEeD or THE Same 1924 Eaxs 


Percentage total smut in 1926 


15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 9g0 Total 

aa 15 pate es 4 
Ss 2 2 3 I 6 
- 

Zs x 4 1 I 4 
£ 430 3 I 4 
g 35 I Cas aes? 5 
E 49 3 : I ~ 6 

45 I i oes 4 
z 50 I 2 & 2 7 Zz 
e 55 : - 1 3 
g 60 + I I 3 
bs 65 : £ 2 
g 70 I 1 2 
oe 73 I I 
o 80 I I 

Total P—geeGoa * 5 €& ¢ 4 3 I I I 52 


¥ => +0.5574+0.0654 


The magnitude of the correlation indicates the tendency for 
the F, lines to produce relatively the same percentage of total smut 
infection when grown in these two years, indicating that genetic 
factors determined the reaction to smut infection under the given 
environmental conditions. 

In Table XI are graphically summarized the averages of the 

reactions of these F, lines for the two years they were grown. 

The variability of the F, lines did not extend to the limits set by 
either of the parent strains. Forty-two of the F, lines were medium 
smut lines while the other ten were high smut lines, as an average 
of the two years they were tested. No low smut lines were found 
in the F, generation. As in Table IX, more of the F, lines resembled 
the susceptible than the resistant parent line. It would be difficult 
to conclude from the table how many factors were involved in de- 
termining resistance or susceptibility to smut infection. The nature 

of the distribution of these F, lines indicates that several factors were 
- involved. — 


a% 


TABLE XI 
SUMMARY OF AVERAGE PERCENTAGE ToTat Smut In Fs Lines or A RustLteER High X Low 
Smut Cross (28 X 33), GROWN IN 1925 AND 1926 
The high smut parent had 94.6 and the low smut parent 1.8 per cent of smut infected 
plants during the same two years. 
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TABLE XII 
SUMMARY OF PERCENTAGE Ear Smut tn F3 Lines or a Minnesota No. 13 
HicH X Meprtum Smut Cross (30 X 17), GROWN IN 1925 
The high parent had 24.8 per cent smutted ears for an average of six years (26.2 
per cent in 1925), and the low parent had 0.7 per cent smutted ears for an average of 
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The inheritance of reaction to ear smut infection was studied in- 
dependently of total smut infection. The reaction of the F, lines of 
the Minnesota No. 13 high & medium smut cross (30 X 17) with 
regard to ear smut infection is shown in Table XII. 

In this cross the distribution of the F, lines somewhat exceeded the 
limit set by the high smut parent. Thirty of the F, lines had less 
and twenty-six had more ear smut than the average of the parent 
strains. 

TABLE XIII 


CORRELATION BETWEEN PERCENTAGE OF Ear Smut Inrection or F; Hich X Low Smut 
Lines (28 X 33) GROWN IN 1925 AND 1925 FROM SEED 
OF THE SAME 1924 Ears 


Percentage ear smut in 1926 
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f= + 0.6311 0.0563 


In Table XIII is shown the correlation between the percentage of 
ear smut infection of the different F, lines from the Rustler 
high X low smut cross (28 X 33) when grown from seed of the 
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same F, ears in 1925 and 1926. The correlation coefficient of 
+ 0.6311 + 0.0563 indicates that genetic factors were here also involved 
in determining the reaction of these F, lines to ear smut infection 
in 1925 and 1926. 

In Table XIV is shown the distribution of these F, lines with 
regard to the average percentage of ear smut infection for 1925 and 
1926. In this cross, with the exception of a single F, line (29 per 
cent), none of the F, lines exceeded the limits of the parents. Forty- 
one of the F, lines had less and eleven had more ear smut than an 
average of the parent strains for the same two years. 


TABLE XIV 
SuMMARY OF AVERAGE PERCENTAGE Ear Smut IN Fs Lines or A RustLterR HicnH xX Low 
Smut Cross (28 X 33), GROWN IN 1925 AND 1926 
The high parent had 20.6 and the low parent o.o per cent of ear smut for the 
same two years. 
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In general, the segregation in the F, lines with regard to total 
smut infection showed a higher percentage of susceptible than of re- 
sistant lines, when compared with the percentage of infected plants 
in the parent strains. The range of variability of the F, lines did not 
exceed the limits set by either parent. It seems, from these data, that 
it would be very difficult to obtain lines in F, which are as resistant 
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as the more resistant parent of the cross. The number of genetic 
factors involved in determining resistance to smut infection could 
not be determined in these two crosses. 

In the F, lines of crosses differing in percentage of ear smut, a 
greater number were more resistant to ear smut than the average of 
the parents in both of the crosses tested. In the high & low smut 
cross (28 X 33) the F, lines, with one exception, did not exceed the 
limits set by either parent. In the high %& medium smut cross 
(30 X 17) seven of the fifty-six F, lines were more highly infected 
with ear smut than was the higher smut parent, indicating transgres- 
sive segregation in this cross. 


Reactions of Selfed Lines Isolated in Regular Corn Breeding 
Nursery when Tested in Smut Inheritance Plot 


Fifty-one selfed lines of corn, which had given a low percentage 
of infected plants in the regular corn breeding nursery, under normal 
field conditions, were tested for smut resistance in the smut inher- 
itance plot, in order to determine the reliability of the selection of low 
smut strains in the regular corn breeding nursery, when the corn was 
grown under ordinary field conditions. Selfed lines of corn which are 
highly resistant to smut infection are very difficult to obtain at Uni- 
versity Farm. The fifty-one selfed lines referred to were practically 
all of the strains growing in the regular corn breeding nursery which 
seemed to be highly smut-resistant under normal field conditions. 
These fifty-one selfed lines were selected from the selfed lines grow- 
ing in the corn breeding nursery on the basis of the smut notes taken 
under normal field conditions over a period of years. They showed 
promise of being highly smut resistant and were consequently tested 
in the smut inheritance plot in order to be sure of their resistance. 
The results of this test are given in Table XV. 

Of these fifty-one selfed lines of corn, which were practically 
all the lines resistant to smut infection under normal field conditions, 
twenty would be classified as low smut strains, twenty-six as medium 
smut strains, and five as high smut strains when grown in an artifi- 
cially induced smut epidemic. Culture 32 is especially interesting 
because it was very resistant to smut infection for two years under 
normal field conditions but too per cent of the plants were infected 
by smut when grown in a smut epidemic. Of the seven strains with 
a percentage of ear smut infection of more than ro, five were in the 
medium smut group and two in the high smut group. 
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TABLE XV 
PERCENTAGE OF Smut INFECTION or StTRAtNS OF CoRN IN THE Smut PrLot wuicH Hap 
YEARS IN THE 


Smut INFECTION 


FOR SEVERAL 


ReGuLAR Corn BreEDING NURSERY 


Percen:age total smut 


Percentage ear smut 


1926 Regular breeding 
Variety Cult. Smut plot plots Smut plot 
ae 1926) OZR LOo24, 1923) Zo22— Toe7 1926 1925 1924 
PQFESEU Crue ce ooe-nlpieie ws 29 80.0 2.4 71.0 0.0 10.0 22.0 73 Ui fb) 7-9 
Dy We Dent Sl iecee 32 100,0 100.0 100,0 2.0 0.0 39.0 40.0 28.1 12.5 
PRS TTS Lot rig ots ix ia baer ole7e 34 35.0 55.9 Take 0.0 0.0 14.0 0.0 10.3 0.0 
ME Mirra drs eet 35 16.1 19.5 E17 7.0 3.0 9.0 ay2) Bay, 3, 
Mirai NO. ie) iss we 36 16,3 20.0 2.0 0.0 0.0 ose 2.0 Wat 0.0 
ING WW Dent ic beece 37 re 8.5 4.1 0.0 3.0 37.0 0.0 0.0 0.0 
HUUSHE TS io sikisrerercuern ete 44 16.7 9.7 13.0 0.0 3.0 4.0 3:3 0.0 0.0 
LG: es eters escalates 45 9-5 4-4 10.2 0.0 0.0 2.0 0.0 2.2 4.1 
ree ae Mp eee 46* 38.0 24.6 0.0 6.0 10.0 8.0 3.1 
Minn: No. 23 2s... 43* 86.2). 2653 0.0 0.0 4.0 6.5 13.2 
On 8 ear TAT 43.2 2.0 7.0 drank 3-9 
IRaastlet oe Sicve ie. nie covers 807 48.8 0.0 0.0 8.0 5:0 
Longfellow ..50... 857 40.0 7.0 3.0 65.0 22.0 
Bae Philip oo e .. . 867 mae Poe 53.1 0.0 10.0 7.9 12.5 
(Smut plot) (Regular breeding plots) 
Ming. INO, 33) siss-. 46 Be 0.0 0.0 0.0 15.0 0.0 0.0 : 
Rustler, 5-25 se.6.0m 47 7.9 8.9 0.0 0.9 0.0 14.0 0.0 1.8 5 
GWognaox casters 48 Be 9.3 3.0 0.0 0.0 7.0 0.0 2.3 
Minn. INO. 23. 4 a. te 48* 29.0 0.0 3.0 0.0 Ses 
Goya bans 49* 19.6 0.0 3-0 0.0 3-9 
dO?) = FP apiaeoks 507 25.5 0.0 0.0 0.0 0.0 i 
ds ey Sameer ice 18.7 3.0 3.0 0.0 2.0 0.0 
(koe Ne) cocaonees Sea 47.8 0.0 0.0 0.0 4.0 8.8 
RUGSibeES Seino co cel 54” Bane 0.0 0.0 3.0 4.0 2252 oe 
King Phillip ...... 56* 40.0 0.0 3-0 6.0 11.0 1303 ‘ 
Or) ow” Sakacies i dal 39.0 0.0 3.0 EO 4.0 8.8 4 
Minn.” Wo, 23° sacs 49 12.9 3.0 0.0 0.0 3.0 0.0 cen f 
On ©) Whe Ye. ee 50 15.8 3.0 0.0 0.0 3.0 0.0 
Oy, Fw mecha ee 51 9-3 3-0 0.0 0.0 3.0 0.0 
do". sath 52 22.2 3.0 0.0 10.0 12.0 ye ‘ 
dove 7 nde ee 53 0.0 0.0 0.0 0.0 37.0 0.0 
Go © aaa 54 19.5 3.0 0.0 3.0 0.0 14.6 A 
Gin as Pe SSehae te 55 26.8 3.0 0.0 0.0 0.0 0.0 : 
RUGS her) Mywieve cvesnets es 56 5.6 0.0 5.0 6.0 0.0 
GO Denn careteticss 57 34.7 0.0 0.0 5.0 Tea ; 
LG Pimisineta ete ei oe 58 30.9 0.0 0.0 8.0 0.0 
GO: Brokat ateens 59 46.0 0.0 12.0 2.0 277 
GGy: Bk Meso. S 60 10.8 5.0 3-0 5.0 0.0 4.0 0.0 
Orato shacttehetetoteisct 61 32cm 3.0 4.0 3.0 3.0 18.0 Tia) 
Longfellow ....... 62 13.2 8.0 0.0 7.0 1.0 G8 
Shih kins Soca 63 9.7 0.0 7.0 0.0 0.0 7 
do Re eho 64 BARS 0.0 8.0 6.0 stalk 0.0 
Or eee 65 47.9 3.0 2.0 6.0 0.0 
CO Ro a to rte 66 28.3 2.0 Sas 2.0 3.0 1.9 i 
Clr Ee Pani eR 67 8.9 0.0 3.0 5.0 5x0) 4.4 ae 
dot he Bec 68 19.1 0.0 0.0 3-0 7.0 221. é 
do 3. 69 51.4 0.0 10.0 2.0 7.0 0.0 S 
Gf ws) Geese 70 87.8 0.0 0.0 5.0 8.0 7-3 a 
OY  — gawamne 71 37-8 0.0 3:0 3-0 14.0 6.7 e 
doy sh See dee 72 De) 3.0 0.0 37.0 0.0 0.0 ; bse 
ome © shstee 73 15.8 0.0 17.0 9.0 3.0 2.6 ae 
GO Pah) ble yceen 74, 6.1 0.0 5.0 0.0 2.0 0.0 ‘ 
* 1925 culture numbers. 7 1924 culture numbers. 
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Thirty-four selfed lines of corn which were being used as parent 
lines in making single and double crosses in the corn breeding nursery, 
were tested in the smut inheritance plot in 1926 in order more definitely 
to determine their reaction to smut infection. These strains were not 
selected necessarily because of their resistance to smut infection under 
non-epidemic conditions. They were considered to be the best avail- 
able parent lines for single and double crosses, as judged by field 
observation and from notes, one of which was “percentage of smut 
infection.” Some of these strains were known to be quite susceptible 
to smut infection but were selected hecause they were the best avail- 
able, as judged by a large number of factors. The reaction of the 
thirty-four strains in an artificially induced smut epidemic is given in 


Table XVI. 


TABLE XVI 
Serrep Lines or Coxn, Usep As Parent StraAIns IN SINGLE AND Dousie CROSSES IN THE 
Recurar Prant Breepinc Nursery, Testep ror Smut REACTION IN THE 
Smur INHERITANCE PLoT IN 1926 


Plant 
breeding Percentage smut 

Variety 1926 
Strain No. Total Ear 
RMS Ie Me woiris bis Ficsio oe o's oe 2 78.8+6.1 12.7 
ME era gore cise. dois eo nce ee 6 §2.4+5.8 0.0 
Oh, ae A a 26.1+5.5 0.0 
Me aches x vince sr vines I 67.44+7.2 0.0 
Ese eis vce lea.d:2 00 6 4 26.3+5.-5 10.5 
RAD) se 2 > oie iees.o-a!e> 9 dorie\o.0'e 4 34.0+6.7 10.6 
PIE Sao os oo 5a nas a2 6 5 2.3+0.9 0.0 
EP eae e 0.0. 5 0 wore an © 2 7 250 5.2 0.0 
oO, a A Se 9 66.0+7.1 1.9 
OS ie: Moe ee 10 47-9+5.9 6.3 
LASTS 0, 7 Ae II 12.7 42.3 3.6 
Oh a a 12 72.0+-5.6 4.0 
EG ier s eo 2 2.014, Havana 13 15.4+2.8 0.0 
6, eh at a 14 39.6+7.8 20.8 
(io A ee ea 15 10.5+1.9 0.0 
MR ic erc. 6 av 0 sie d.0 ha oe 16 75.6+5.9 36.6 
UD) onc Lendl Ae ne 17 5.92.4 ” 0.0 
Bt. reas SEO oe PRS Sip nireneee 18 64.6+6.9 12.5 
CE) te. 2c WGA Cae OKO ee 19 38.7+7.7 2.3 
AN, cel lle tcl (ee ae eee 20 Il.1+2.0 0.0 
(LOMA AUG er - 2I 50.0+6.2 9.4 
Ch, BS eee 22 55-8+6.1 16.3 
do ere eeerroreecruarerrse 23 Be ao 0.0 
Cm err 22 ole hove ¥alzid'el3. 6 24 34-7+6.9 8.2 
SURE) BS 27 50.0+6.2 26.1 
do oh Upaotre Oa ti) OR Erich 26 25.545.3 21.3 
do 350 Ct op Cecio COE 25 73.6+5.7 5-9 
do it Bis Po. Cp OOO Ere 28 71.5+5.6 0-5 
MRE LISD Aa Sirti ee civre ean cake Wo: ; 29 78.3+6.1 10.8 
do Ch OA EA ener nae teres 30 §2.9-- 5.8 9.4 
Squaw ..25 BE Re iataeise ve SABE oe tie0 31 34.7+6.2 16.3 
AG ocoeco pe SCS epee ees 32 34.2+6.8 2.4 
DALTIES (SS CAGC cek OO OnE Dearne 33 35-1+6.9 10.5 
| LS Oe ie a eae 34 ALTHS.1 28.6 
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Seven of these thirty-four strains would be classified as low smut 
strains, fifteen as medium smut strains, and twelve as high smut 
strains, in a smut epidemic, following the method of classification 
previously described. 

It may be concluded from the data in Tables XV and XVI that 
selection of low smut strains of corn under normal field conditions 
is an aid in obtaining smut-resistant strains but that these strains should 
be tested in a smut epidemic in order to be sure of their resistance. 


Combination of Eight Low Smut Strains 


In 1925 a combination was made of eight strains of corn which 
seemed to be resistant to smut infection in a smut epidemic, in order 
to determine whether the factors for smut resistance were the same 
in all the eight strains and whether anything but low smut lines could 
be obtained in F, and later generations of such a combination. 

It has been found, since this combination was made, that one 
of the eight parent strains was a medium smut strain while the other 
seven were low smut strains. In Table XVII are given the smut 
reactions of the F, combinations on each of the female parent lines 
as compared with those of the female parent lines grown the same 
year. 


TABLE XVII 


Smut Reactions oF THE F, GENERATION OF A COMBINATION OF E1GHt Low Smut 
SeLFrep LINES GROWN IN 1926 
9 


Percentage total smut in Percentage ear smut in 
Variety of ° Cult. — — = 
parent No. F, combi- Q parent F; combi- 9 parent 

nation 1926 nation 1926 
aster cise. ves v= = 165 22.6+4.7 0.0 6.5 0.0 
Og Hetil eS rccte 166 10.6+1.9 35-0+6.9 our 0.0 
GOES! agets inven 2 See 167 7.33.0 16.1+2.9 0.0 yee, 
Minn. Ne, 33 «4 168 18,0+3.2 16.3+2.9 6.0 2.0 
N. We Dent -.o5... 169 5.42.2 5.12.1 1.6 0.0 
Longfellow ...... 170 7.33.0 9.53.9 0.0 0.0 
USHER «ais cece shane 171 2510-740 16.7+3.0 5.1 333 
GIO PEP eae ernaceet 172 14.322.6 9.53.9 3-6 0.0 
NENA GE EN: =} oesvefelers 14.9+2.7 12.4+2.2 2.9 Tek 


None of the F, combinations were more susceptible to smut infec- 
tion than were any of the strains used in making the recombination, 
when both were tested the same year. The average percentage of 
total smut infection (obtained by dividing the total number of plants 
infected by the total number of plants in the eight cultures) was 
not significantly different from the average percentage infection of 
the parent cultures. The average percentage of ear smut infection 
in the F, combination was only slightly higher than in the average of 
the parents. Apparently, the F, generation of a combination of low 
smut strains can be expected to be as resistant to smut infections 
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as the average of the parents; as would be supposed from results 
obtained from F, crosses referred to in the discussion of the reactions 
of other F, crosses. 


Location of Smut Boils on the Plants of a Strain 


As has already been pointed out (25, 32, 36), the location of smut 
boils on the plants of a strain of corn is often characteristic of that 
strain. Further evidence of this was found in the selfed strains grown 
during the last three years. Thus, culture 74, grown in 1924, showed 
a peculiar location of smut boils on the necks of the plants (see Fig. 4). 
In this strain fourteen of the twenty plants infected had smut boils on 
the necks, that is, just below the tassei. 

A brachytic strain, culture 8, grown in 1926, had leaf infections on 
twenty of the thirty infected plants in the culture. On the other hand, 
a Rustler strain, culture 38, had 33.4, 42.3, and 41.7 per cent of the 
plants infected in 1924, 1925, and 1926, respectively, but only one leaf 
infection during the three years. A Longfellow strain, culture 40, had 
52.4, 77-7, and 69.0 per cent of the plants smutted during the same 
three years and but two leaf infections. On the other hand, the Silver 
King and Rustler cultures, 70 and 92, grown in 1926, had leaf infec- 
tions on 67.0 and 72.0 per cent, respectively, of the infected plants. 

Ear smut was a strain characteristic in the Longfellow culture 4o, 
in which the percentage of total smut infection in 1924, 1925, and 1926 
was 52.4, 77.7, and 69.0 per cent, respectively. Of the infected plants 
during this three-year period, 76.0, 59.0, and 91.0 per cent, respectively, 
showed ear smut infections. A strain of King Phillip, culture 39, had 
100.0 and 78.0 per cent of the iotal plants infected by smut in 1925 
and 1926, respectively. All infected plants in 1925 had smut infections 
on the ears. In 1926, 78.0 per cent of the infected plants had ear smut 
infections. 

In 1925 two strains showed an extremely high percentage of tassel 
infection, and the stamens of one or more branches of the tassel became 
infected by smut. A Longfellow strain, culture 43, had 15.0, 89.1, 
and 9.5 per cent of its plants infected by smut in 1924, 1925, and 1926, 
respectively. The sugary-tunicate strain, culture 12, had 11.9, 95.4, 
and 12.2 per cent of its plants infected by smut during the same three 
years. The extremely high percentages of smut in 1925 in these two 
cultures were due largely to stamen infections. Eighty per cent of the 
infections of culture 43 and 90.0 per cent of the infections of culture 
12 were attributable to tassel (stamen) infection alone in 1925. 

A tassel seed strain, culture 10, grown in 1926, contained twenty- 
four ts, ts, plants, on which nineteen of the tassel ears were destroyed 
by smut. When these tassel ears were enclosed in a paper bag, in 
order -to pollinate them artificially, they were practically always de- 
stroyed by smut and no seed could be obtained. 
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In the yellow endosperm strain, culture 5, infections at the base of 
the plants predominated. This strain showed smut boils on 56.6, 96.2, 
and 70.2 per cent of all the plants grown in 1924, 1925, and 1926, 
respectively. During these three years 70.0, 79.0, and 85.0 per cent, 
respectively, of the infected plants had smut boils at or near the base 
of the plants. Figure 5 shows base and lower ear bud infections on 
culture 6. 

Infection of the rudimentary ear buds near the base of the plants 
or at the nodes between the ground and the developed ear (usually 
nearer the ground than the ear, are very common. This is particularly 
true late in the season when the plants have practically attained their 
full development. These shoots, or buds, containing meristematic tissue 
and being so located that the inoculum may fall or be washed over 
them, are very often infected by smut. The ear buds are also in a 
meristematic condition at a time when the temperature is usually high. 
This favors infection. Some strains are far more susceptible to in- 
fection at these locations than are others. For example, the Minneso‘a 
No. 13, culture 30, had smut boils on 74.4, 97.4, and 52.2 per cent of 
the plants in 1924, 1925, and 1926, respectively. Infections were found 
on the rudimentary ear buds of 50.0, 73.0, and 46.0 per cent of the 
infected plants during these three years. In the Rustler, culture 34, 
which showed 12.2, 55.9, and 35.0 per cent of total infection for the 
three years, 83.0, 68.0, and 90.0 per cent of the infected plants had ear 
bud infections. In the Northwestern Dent, culture 32, which had all 
plants infected by smut in 1924 and 1925, 88.0 and 78.0 per cent, 
respectively, ot the infected plants had ear bud infections. 

That the percentage of total number of plants infected, in a given 
strain, is not always an accurate index of its resistance or susceptibility, 
is shown by the fact that in the four strains having smut boils on 
more than 70.0 per cent of the plants in 1924, 1925, and 1926, 211 of 
the 430 smutted plants had more than one infection. In the four low 
smut strains with an average of less than 12 per cent of smutted plants, 
grown the same three years under the same conditions, only one of 
the forty infected plants had more than one smut boil. On plants of 
susceptible strains smut boils are usually larger than on infected plants 
of resistant strains. In the cultures mentioned above, 38.2 per cent 
of the infected plants in the high smut strains produced “large” smut 
boils and, of the remaining infected plants, 41.2 per cent had “medium” 
smut boils. Only 17.5 per cent of the infected plants in the low smut 
strains had large smut boils and of the remaining infected plants 25.0 
per cent had medium smut boils. 
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A Co-operative Study of Smut Reaction Conducted by the 
Universities of Minnesota and West Virginia 


During the seasons of 1925 and 1926, seed of ten selfed lines of 
corm of known smut reaction, from both Minnesota and West Vir- 
ginia, was exchanged and seed of the same ears from these twenty 
selfed lines was planted at both experiment stations and the resulting 
plants were grown in a smut epidemic. Jt was expected that this ex- 
periment would give some evidence on the reaction of selfed lines of 
corn to smut infection under different environmental conditions as well 
as to probably different physiologic forms of corn smut. 

In Table XVIII is given the percentage of total and of ear smut 
infections of these twenty selfed lines when grown at University 
Farm, St. Paul, Minnesota, and Morgantown, West Virginia, in 1925 
and 1926. 3 

TABLE XVIII 


Minwesora axp West Vircisia Sezrep Lives or Corn Grown 1x Botn States 
IM 1925 AXD 1926 


Percentage total smut Percentage ear smut 
1926 
Minn. 1925 3926 1925 1926 
Cult. Description — 
No. Minn. W. Vaz Minn. W. Vaz Minn. W. V2. Minn. W. Va. 
MINNESOTA Selfed Lines 
28 High smut 200.0 62.5 89.2 74-7 26.0 28.2 es ee 
2g do $2.4 26.1 80.0 29.1 13-2 7-2 7-3 6.0 
3t Medium smut 47-7 13.6 43.2 8.6 34 0.0 7-4 ere 
33 Low smut 3-5 3-9 0.0 6.5 0.0 0.6 0.0 3-0 
34 Medium smut 55-9 5-5 35-0 9-7 10.3 0.0 0.0 1.0 
33 Low smut 195 18.3 16.4 24.4 £7 5-4 xe 7 ee 
36 do 20.0 15.9 16.3 1.6 7-5 0.0 2.0 0.0 
37 do 3.5 2.9 5-5 1.0 0.0 0.0 0.0 1.0 
39 6-« High smut ae woe 78.0 385.7 reat ee 63.4 78.6 
4t do awe aaa 79-5 9-3 ane as 8.3 2.9 
30 do 97-4 183 aoe oer 26.2 4.7 
32 do 100.0 66.7* hs pats 28.1 0.0% — 
WEST VIRGINIA Selfed Lines 
18 Susceptible LO 64.5 OP oe: © Pe Sg Zk 25.6 bot. Sea" 
39 Resistant = —<«5.5 6.1 20:5. «7-7 £8 0.0 0.0 25 
zo Susceptible 658 25-4 59-6 55-4 11.8 r4 253 $1 
2a do 455 13.27% > Pe ae 13-6 0.07 He wo 
22 Resistant 58.0 10.3 15.9 2.2 16.9 0.0 0.0 22 
23 do 23-4 1.5 235.0 2.0 0.9 0.0 0.0 0-0 
24 do 9.0 0.0 3-9 £5 0.0 0.0 0.0 1-6 
25 Susceptible 92.0 66.7 190.0 53.8 34-0 4-42 25.0 23:1 
26 #©Resistant 6.6 2.0 0.0* 0.0% Et 0.0* 0.0 0.0* 
27 Susceptible 79.2 23-4 60.4 40.5 42 0.0 0.0 0.0 
*3 plants. 7 Er plants. 24 plants. 


A higher percentage of total smut infection was obtained in Min- 
_nesota than in West Virginia in all strains tested for two years. 
All strains which were smut-resistant in Minnesota were also resistant 
tn West Virginia. Strains classed as medium smut lines in Minnesota 
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were medium or low in West Virginia, and high smut strains in Min- 
nesota were high or medium in West Virginia. 

The location of smut boils on the plants of a culture, when grown 
in the two states the same year, was not the same in all instances. 
In culture 41, in which 79.5 per cent of the plants were infected in 
Minnesota and only 9.8 per cent in West Virginia in 1926, 47.0 per 
cent of the plants grown in Minnesota and only 2.0 per cent of those 
grown in West Virginia had smut boils at the base of the plants. In 
culture 30, in which the difference in percentage of total plants infected 
was 79.1 per cent in these two states in 1925, 88.0 per cent of the 
plants grown in Minnesota and only 7.0 per cent in West Virginia 
had infections on the main stalk and shoots. However, in this culture, 
3.0 per cent of the plants grown in Minnesota and 10.0 per cent of 
those grown in West Virginia had basal infections. 

In culture 18 the percentage of total smut infection was appre- 
ciably higher in Minnesota than in West Virginia, while the reverse 
was true of ear smut. In culture 27, smut infections at the base of 
the plants predominated in West Virginia in both years of the test, 
while infections on the main stalk predominated in Minnesota. The 
same condition was true in culture 32, grown in 1925. 

A considerably higher percentage of the West Virginia selfed strains 
grown in Minnesota in 1926 had smut infections on the tassels than 
those grown in West Virginia the same year. The reverse was true 
in 1926. The corn was sprayed with a water suspension of smut 
conidia during its development in Minnesota, but not in West Virginia. 
This might account for the higher percentage of tassel smut in Min- 
nesota in 1926. The Minnesota selfed lines had a higher percentage 
of tassel infection in Minnesota than in West Virginia in 1925. In 
1926 some of these strains had an appreciably higher percentage of 
tassel infections in West Virginia, while in other strains the highest 
percentage of tassel infection was found in Minnesota. 

In general, it may be concluded either that conditions for infection 
were slightly more favorable in Minnesota than in West Virginia or 
that the physiologic forms of smut encountered were more virulent in 
Minnesota than in West Virginia. Some selfed lines, when grown in 
both states from seed of the same ears, were attacked by smut to 
very nearly the same extent, while others were slightly more sus- 
ceptible to infection in one state than in the other. The location of 
smut boils on the plants was not always the same in the two states in 
the same year. Smut infections on one location often predominated 
in one state while most of the infections were located on a different part 
of the plants in another state. This may have been due to the differ- 
ential responses of the selfed lines to the probably different physiologic 
forms of smut. Environmental conditions may have been more favor- 
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able for infection in one state than in the other when specific parts 
of the plants were in a favorable condition for infection. 


Seedling Infection in the Greenhouse 


The same F, lines of the Rustler high low smut cross (28 X 33) 
which were grown in the field in 1925 and 1926, were tested in the 
greenhouse for the purpose of studying their susceptibility to infec- 
tion by a single physiologic form of smut. The purpose of this phase 
of the experiment was to determine the correlation between greenhouse 
and field notes on smut infection when both were obtained from 
plants grown from seed of the same ears. 

The seeds of these F, lines were planted in sand benches in the 
greenhouse on December 16, 1926. The plants were inoculated hypo- 
dermically on January 8, 1927 (see Vig. 6). Notes were taken on 
January 19 and 21. Table XIX shows the range of temperature in the 
greenhouse between January 8, when the seedlings were inoculated, 
and January 21, when the final notes were taken. Vigure 7 shows some 
of the infected seedlings when the notes were taken. 


TAPLE XIX 


Rance 1x Teuecesteees 1x Geeexuousee Berwers Tine oF Imoceiattom ann Takixe oF 
Fimss Noves 


A high temperature seemed to be a far more important factor in 
determining smut infection than seedling vigor. There seemed to 
be little correlation between the amount of infection and the apparent 
vigor of the seedlings. Smut boils appeared first on the seedlings grow- 
ing in the warmest end of the greenhouse bench, altho the plants 
were much weaker at this end than at the cooler end of the bench. 

In Table XX is presented graphically the range of variability in 
the percentage of infected seedlings in the F, lines. The data from 
: tes gnade are given in the summary, page 52. 

; It may be concluded from Table XX that a high percentage of 
infected corn seedlings may be obtained by hypodermically inoculating 
with smut sporidia seedlings grown in sand in the greenhouse bench. 
A mean temperature of between 70° and 80° F. is sufficient for 
infection and development of smut boils. 

. _ There was some variability in the susceptibility of the F, lines of 
is cross to smut infection under the conditions of the experiment ; 


32 MINNESOTA TECHNICAL BULLETIN 51 


no lines were found, however, which showed an appreciable amount of 
resistance. It may be concluded from Table XX that some of the 
F, lines were more resistant than others to infection by this single 
physiologic form of corn smut, but the differences were not great, 
considering the small number of plants grown (22 to 48) from each 
F, line. 


TABLE XX 
SuMMARY OF PERCENTAGES OF SMutT-INFECTED Corn SeEEpLINGS IN Fg Lines or A RUSTLER 
Hicu xX Low Smut Cross (28 X 33), GROWN IN GREENHOUSE AND ARTIFICIALLY 
INOCULATED WITH SportpDIA OF A SINGLE PuysroLocrc ForM oF SMUT 


Number of Fg lines 


(aye Be hy) OCU OC Or SE. OD 


35 40 46 50 55.60 65 70° (75) 80) “She, 20a 


Percentage of smtted plants 


In Table XXI is shown the correlation between the percentage of 
infection obtained in the greenhouse when the seedlings were artifi- 
cially inoculated, and the two-year average of infection obtained on 
the entire plants when grown in the field. 

The correlation coefficient of +0.2854-+0.1434 indicates a correla- 
tion of little significance between the percentages of seedling and field 
infection. Either conditions determining the amount of smut infec- 
tion under field conditions were not the same as those in the greenhouse 
with seedlings hypodermically inoculated with a single physiologic 
form of smut, or the particular form of smut used was not able to 
differentiate the F, lines grown in the greenhouse in the same way 
as did the physiologic forms encountered under field conditions. In 
order to be of practical importance in determining the resistance to 
smut infection of selfed lines of corn grown in the greenhouse, a 
physiologic form, or forms, of smut would have to be found which 
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would differentiate the strains in the same way in the seedling stage 
in the greenhouse as the forms found in the field did under field 
conditions. 

TABLE XXI 


Ceozgzeratiox Berween Peecentace ov Sreniincs Invecren 1x Garexnovse axp or AveKace 
Fiery Isrection, Ovtaixep reom a Two-Yeax Tesr ix tae Fietp, or Fz Lixes 
From a Cross or Rustieer Hicnh * Low Suet (28 K 33) Lises 


Average percentage smutted plants in field 1923 and 1926 


iB 22 26 30 34 38 42 46 50 354 38 62 66 70 74 Total 

36 Z I 

Z 40 
S 44 5 1 
& 48 I 1 
5z re Pe 
2 Zz 56 z I rf 4 
z se 60 I Zz 3 
< 64 i : I z 
<S E 2 I 2 ; 6 
GZ f I 1 3 
Bs 76 g% 2 ae i E 16 
= go t I z 
g Bs t rf I Z 
a BS I I Z 
92 t t Zz 
Total mses) f 5 £' 4 OF am FS i. 4% 

¥ = +0.2857 +0.1434 


Linkage Studies of Smut Reaction 


It probably will be impossible to determine the number of genetic 
factors involved in determining reaction to smut infection until crosses 
are made and linkage relations determined between the factors deter- 
mining smut reaction and other factors located in known chromosome 
linkage groups. 

Sufficient material with known genetic factors located in different 
linkage groups is now available to enable the plant geneticist to deter- 
mine which of the chromosome linkage groups in corn <arry factors 
for such a quantitative character as smut resistance. It may not be 
possible, without very intensive study, to establish definitely how many 

_ factors are involved in determining reaction to corn smut, but the 
discovery of which of the ten chromosomes in corn carry factors for 
smut reaction will be a long step in the solution of this problem. 

Corn normally has ten pairs of chromosomes. Eight chromosome 

linkage groups have been established. In Table XXII is presented 

a tentative map of the different chromosome linkage groups, showing 
_the relative location of the genes and the distances between them. 
_ A number of genes are known to be carried in a particular chromo- 
: — but their location has not been established in relation to more 
m one other factor in the chromosome. The last group of factors 


ws, therefore, not placed on the chromosome map. 
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TABLE XXII 
Eicut Estasyisuep Linkacr Groups 1n Maize witH THE Locrt or MANny OF THE 
Genetic Factors on THESE E1GHt CHROMOSOMES 
Location ; 
Linkage Factors whose location factors not Literature 
group has been determined yet determined citations 
it 4, 12, 14, 24, 
pk C sh WX wii ds vi 34, 35, 00, 67 
(& 
df des, Pr (7?) 5, 14, 29, 44, 45 
pga Rk fi We li gmy, le 46, 47, 51, 53, 69 
R 
de, dei des 14, 22, 23,°39;05as 
su Tu ga, vs, wl 70, 72 
su 
tsy v4 B Ig sk 20, 21, 38 
B 
I, 0, ena oe 
Ws Y We Pl sm wi m4, Me 69, 70 
Y 
br P tse ad, 2, 20;) Atenas 
ie 
A V3 71 
A 
pgs, ra, 
we gal Bn Yeo, Yp 13, 29, 43 
Bn 


It is, then, with the factors in the above eight known linkage groups 
that the linkage relations of the factors determining smut reaction 
may be studied. 

In Table XXIII are listed the genetic factors used in studying the 
linkage relations of the factors for smut reaction. 


TABLE XXIII 


Factors Known To Be LocatEep In ONE OF THE ErGHT CHROMOSOME LINKAGz GROUPS AND 


Usep IN Srupyinc LinkKaGE RELATIONS OF Factors FOR SMutT REACTION 
(Dominant factors are capitalized.) 
Factor Character 
A Anthocyanin pigment (Emerson, 1918, 1921) 
Bn Brown aleurone (Kvakan, 1924) 
br Brachytic culms (Kempton, 1920) 
eat Golden plant color (Lindstrom, 1918) 
lg Liguleless leaf (Emerson, 1912) 
Pp Pericarp color (Emerson, 1911) 
Pr Purple aleurone (East and Hayes, 1911; Emerson, 1918) 
Pl Purple plant color (Emerson, 1921) 
R Aleurone color factor (East and Hayes, 1911; Emerson, 1918, 1921) 
sh Shrunken endosperm (Hutchison, 1921) 
sm Salmon silk (Anderson, 1921) 
su Sugary endosperm (East and Hayes, 1911) 
tsy Tassel seed (Emerson, 1920) 
Mie Tunicate ear (East and Hayes, 1911; Collins, 1917) 
wx Waxy endosperm (Collins, 1909) 
Y, Yellow endosperm (East and Hayes, 1911) 
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Strains of corn carrying these genetic factors were used as parent 
lines in studying the linkage relations of the factors for smut reaction, 
and were grown in a smut epidemic to determine their resistance or 
susceptibility. 

The percentage of total and ear smut infection of these strains 
with factors in known linkage groups is given in Table XXIV. 


TABLE XXIV 


Spectat Strains witH Genetic Factors 1n Known LiInKaGe Groups 


Percentage Percentage 
Strain total smut ear smut 
Characters and linkage groups No. — ; : 

1924 1925 1926 1924 1925 1926 
Waxy endosperm (C), Pr tester (R 7) I 10.0 22.2 15.8 0.0 4.4 0.0 
Shrunken endosperm (C), purple (Y) ...... 2 G76 190-0) os. S97) $0.0) es 
Sugary endosperm (su), tunicate (su) 3¥- 15:9 14.2 12.2 24 <o.3 KO 
Sugary endosperm (su), R tester (R) ...... 4 30.0 78.2 48.5 16.7 46.9 9-1 
Meco mcnauspern (Yl <n cece peace ence 5 56.6 96.2 70.2 3:8 21.6 10.6 
Yellow endosperm (Y), liguleless (B) ...... 6 75.0 70.4 7507 50.0 38.9 21.6 
Yellow endosperm (Y), golden (R) ........ 7 7.4 92.4 56.8 BO. “5is3) 3228 
fo ee re 8 aoe Fah) On ae 2.1 
GEE |e BS) re 9 42.0" 4X20. Wisc 18.5 5 
LANES CSS 62 10 Oana tS 25.7 OO ks 
CORN RG Se ee 11 a Pe OES ee ee 7.0 
te OG | 12 27.3 97.6 7-1 10.9 30.0 20.0 
LLRs ZL Ge (07) | 13 =a 06.0) 5356 ie 2208) OO) 
SOS 5) 14 ane SES —2860 Heel 20.9) 820. 
See Mees oi eee eos ee aw 15 A ae Cer ae 5 Foon 2.2 
ts SCS OC) 16 EJS Od WsO Sot ante 8.0 


It was from these strains that the parent lines for the linkage study 
crosses were chosen. Six crosses were made in 1924. The F, genera- 
tions of these crosses were grown the following year. In Table XXV 
is summarized the percentage of total and ear smut infection of the 
parent strains and the F, crosses of these strains. 

In the five crosses in which the F, could be compared with the 
parent strains grown the same year (1925), the F, was intermediate 
in percentage of plants infected in three of the crosses, approached 
the high smut parent in another, and was as severely infected as the 
higher smut parent in the one remaining cross. As for ear smut 
infection, resistance was slightly dominant in four of the F, crosses 
which could be compared with the parents grown the same year, while 
in the other cross the F, most nearly approached the high smut parent. 

Four more crosses were made in 1925, involving still other genetic 
factors, located in linkage groups not dealt with in 1924, as well as 
factors in other loci of the same chromosomes involved in the 1924 


crosses. A summary of the reaction of these crosses is given in 
Table XXVI. 
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TABLE XXV 
PERCENTAGE ToTAL AND EAR Smut IN PARENT STRAINS AND Fy, Crosses MADE FOR 
LINKAGE Stupy, F; Grown IN 1925 


Percentage total Percentage ear Percentage smut 
Cross Description of smut in parents smut in parents Fy 1925 
ot parent strains 2 
strains 1924 1925 1926 1624 10928 -1926 Total Ear 
33 X Rustler, low smut 4.3 B25 0.0 0.0 0.0 0.0 45.8+6.8 I.4 
2 Purple (Y) shrunk- 
en (C), high smut O7:0 «TO0tO% ie 87.7 50.0 cas | eee rest 
33 X Rustler, low smut 4.3 3.5 0.0 0.0 0.0 0.0 27.8+5.5 10.8 
4 Sugary (su), R 
tester (R) high 
Ernst: Warerenacainees 30.0 78.2 48.5 16.7 46.9 Q:i gape 
41 X Yellow endosperm 
(Y), high smut ae 95-7 79.5 19-5 8.8 TES te 4e3: Tale 
33 Rustler, low smut 4.3 3-5 0.0 0.0 0.0 0:0 9 saeaeeese 
33 X Rustler, low smut 4.3 3.5 0.0 0.0 0.0 0.0 41.0+6.1 9-6 
39 Red pericarp (P), 
high (smut 2. urls, DOO 78.0 Sasi FNOOLO 63:4. _) Seer 
32 Minny (7 No.) a3) 
medium smut 20.4 47-7 48.2 0.0 sy 7.4 100.0+2.5 5-9 
II Brachytic (Py, 
high Sniat “J.<. dite bake 69.8 aves ais WO iaaeneele 
36 X Minn. No. Ls, 
low smut ..... 2.0 20.0 16.3 0.0 Git 2.0 70,0 +-4.8 ~ F205 
6 Liguleless (B), 
yellow endo- 
sperm (CY 
high smut ... 77.0 7014 wiser, 50.0 38.9 21.6 [Sie CFO 
* 2 plants. 


TABLE XXVI 
PERCENTAGE TOTAL AND Ear SMUT IN PARENT STRAINS AND F, Crosses MADE FoR 
Linxace Stupy, F,; Grown In 1926 


Percentage total Percentage ear Percentage smut 
Cross Description of smut in parents smut in parents in F, 1926 
of parent strains ~ - ———— 
strains 1924 1925 1926 1924 1925 1926 Total Ear 
28 x Rustler, high smut 83.8 100.0 89.2 5.6 26.0 L5.2 Ol Ost 2.5) 3255 
3 Sugary (sh), tu- 
nicate (su), 
Low: ‘Smt ns reels 11.9 14.2 nan 2.4 0.3 495 “fae 
28 X Rustler, high smut 83.8 100.0 89.2 5.6 20.0 ilge7) 49.2+06.1 9-5 
I Withee (C8))5 Be 
tester “CR «F)) 
low smut .... Lovo) 22.2 15.8 0.0 Aut 0x0 = eee aaa 
28 X_ Rustler, high smut 83.8 100.0 89.2 5.6 26.0 15.2 F2.02-5.0  SOxe 
7 Yellow endosperm 
(SM) golden 
(R), medium 
SHITE Te soared ters > 74 92.4 56:8 5-6 §1:3- 3058 95) eee ENS 
9X Ts: (B),high smut 42.6 41.9 sven 18.5 6.5 re. a a7 0.0 
33 Rustler, low smut 4-3 B55 0.0 0.0 0.0 0.0) 4 oa Sete A 


The F, generation of the first cross, that of Rustler high smut 
sugary, tunicate, low smut (28 < 3), was as susceptible to total plant 
infection as the most susceptible parent of the cross when both were 
grown the same year and more susceptible to ear smut infection. 
In the other three crosses the F, gave an intermediate percentage of 
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total smut when compared with the parent strains. Two of the 
remaining three crosses were more susceptible to ear smut infection 
than was either parent, while resistance was dominant in the third. 

Five of the six F, crosses made for linkage study in 1924 and 
grown in F, in 1925, were grown in F, in 1926. While grown in a 
plot apart from the other selfed lines, and the crosses being tested for 
smut reaction, they were grown in an artificially induced smut epidemic. 
Notes were taken on individual plants only once. Tables XXVII to 
XXXVII give the F, progenies of the various crosses involving 
possible linkages between the factors for smut reaction and known 
genetic factors in the linkage groups. 

In Table XX VII are given the F, progenies of the cross low smut, 
normal endosperm X high smut, shrunken endosperm (33 X 2). 

TABLE XXVII° 


F. Proctnies or Cross Low Smut, NorMat EnpospermM XX HicH Smut, 
SIURUNKEN ENDORPERM (33 X 2) 


Plants from seeds Plants from seeds Percentage 
with normal with shrunken plants smutted 
encosperm endosp<rm from 
Culture —_— Culture - - -————-- 
No. Not No. Not Shrunk- 
Smut- smut- Total Smut- smut- Total Normal en 
ted ted ted ted seeds seeds 
Ty 0S) 25 86 205 291 Pee LOgh So 29 41 70 29.6 1.4 
Zs, GAs 26 44 173 217 8, 20, 32 II 42 53 20.3 20.8 
ay Ge ey 41 128 169 Oe ss 9 26 35 24.3 25.7 
4, 16, 28 CometrOn) 1755 10, 22, 34 9 33 42 37-1 
Boh De 20 58 152 210 Digezes ss 17 33 50 27.6 34.0 
6, 18, 30 65 142 207 125 24,30 29 40 69 31.4 42.0 
Total 359 910 1269 TOAMe eS 5 30) 28.3 32.0 


The difference between the total percentage of infected plants 
grown from seeds with shrunken and non-shrunken endosperms was 
only 4.3 per cent. Apparently there was no linkage between the factors 
for smut reaction and those for shrunken vs. non-shrunken endosperm 
carried in the “C” linkage group. 

Two per cent of the plants grown from non-shrunken seeds had 
ear smut infections, and 1.9 per cent of those from shrunken endosperm 
seeds. < 

In Table XXVIII are summarized the F, data on the progenies of 
the low smut, white aleurone * high smut, purple aleurone cross 
(33 X 2). A total of 984 purple, 105 red, and 890 colorless seeds 
was obtained in F, and these were available for planting. Assuming 
two color factors, besides the Prpr factors, segregating for color, a 
9:7 ratio of colored to colorless would be expected. The obtained 
segregation fits this expectation very well. The red seeds appear to 
be much too few for a 3:1 ratio of purple to red. Hayes and Brew- 
baker (29) suggested that this may be due to a linkage of the Prpr 
and Rr factors, the latter being carried in the “R” linkage group. 
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The greatest difference in percentage between smutted plants 
grown from white, red, and purple aleurone seed was 5.9. It can 
be concluded from these data that the factors for smut reaction are 
probably inherited independently of the Prpr factors. 

The percentage of plants with ear smut infections was 2.1, 2.1, and 
1.8 for the progenies of the white, red, and purple aleurone seeds, 
respectively. 

In Table XXIX are summarized the F, data of the progenies of 
the low smut, starchy endosperm x high smut, sugary endosperm 
eross (33 < 4). 

TABLE XXIX 


Fs Procenies oF Cross Low Smut, Starcuy Enposperm X HicH Smut, 
Sucary ENpDosPERM (33 X 4) 


Plants from seeds Plants from seeds Percentage 
with starchy ; with sugary plants smutted 
endosperm endosperm from 
Culture Culture - — — 
No. Not No. Not 
Smut- smut- Total Smut- smut- Total Starchy Sugary 
fed «ted ted ted rp seeds _ seeds 
37 76 220 296 42 19 50 69 25.7 27.5 
38 lip — Dy hed 43 19 56 75 15.0 25.3 
39 62 163 225 44 £2 41 53 27.6 22.6 
40 84 174 258 45 IL 51 62 32.6 L757 
41 57 222 279 46 3 40 43 20.4 7.0 
Total 326 1046 1372 64 — 238 302 23.8 2m2 


The difference in percentage between the smutted plants grown 
from starchy and from sugary endosperm seeds was only 2.6. Ap- 
parently the factors for smut reaction and for sugary vs. starchy 
endosperm, located in the “su” linkage group were independently 
inherited. 

The percentage of plants with ear smut infections was 2.6 and 
3.3, respectively, for the plants grown from starchy and sugary 
endosperm seeds. 

In Table XXX are summarized the F, data of the progenies of 
the cross (36 X 6) between low smut, ligulate plants « high smut, 
liguleless plants. 

TABLE XXX 


F, Procenies or Cross Low Smut, Normau PLrants X HicH Smut, 
LiGuLELESS PLanTs (36 X 6) 


Normal plants Liguleless plants Percentage 
ike Sa Se plants smutted 
Culture Not Not Bee See 

No. Smut- smut- Total Smut- smut- Total Ligule- 

ted ted ted ted Normal _ less 

63, 67, 7.1 44 TS2e 9226 51 49 100 19.5 51.0 

64, 68, 72 44 252 7296 46 59 105 14.9 43.8 

65, 69, 73 2 BS By 52 42 94 7:9 55:3 

66, 70, 74 WO. 202 272) 97 14 IIt PAS) 87.4 

75 21 61 82 16 3 19 25.6 84.2 

76 83. 395 478 84 61 145 17.4 57-9 


‘Total 284 1347 1631 346 228 574 17.4 60.3 
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In the progenies of each of the six F, ears, as well as in the total 
number of plants, is shown a distinct correlation between susceptibility 
to smut infection and liguleless plants. The difference in percentage 
between the normal and liguleless smutted plants was 42.9. Ap- 
parently the factor or factors for susceptibility to smut were linked 
in inheritance with the factors for ligulate vs. liguleless plants, located 
in the “B” linkage group. 

The parent strains of this cross, grown in another plot in 1926, 
had 21.6 per cent of the liguleless and 2.0 per cent of the ligulate 
plants infected on the ears. In the F,, 1.1 per cent of the ligulate 
plants had ear infections, and 0.9 per cent of the liguleless plants. 
The percentages were too small to allow any conclusions.to be drawn 
from them, except that there seemed to be no linkage between ear 
smut and the Lglg factors. These plants matured very late in the 
season, which probably accounted for the low percentage of ear smut 
infection. 

Smut infections on the base of the plants and on the ear buds 
predominated in the liguleless parent (see Fig. 5). Smut infections 
on this part of the plant also predominated in the liguleless plants in 
the F,. Smut infections on the ligulate parent strain were not localized, 
as was also true in the ligulate plant segregates in the F,. 

Susceptibility to smut infection in this cross may have been closely 
associated with such morphological plant characters as the liguleless 
condition; it may have been a case of physiological susceptibility de- 
termined by genetic factors, or it may have been a combination of the 
two possibilities, that is, genetic linkage may have been involved in 
determining susceptibility in the liguleless plants with certain morpho- 
logical characters of the liguleless plants markedly influencing the 
expression of the character smut susceptibility. It seems that in this 
case smut infection on the ear buds was strongly associated with the 
liguleless condition. Having no ligule, the inoculum could more easily 
fall upon or be washed over the ear buds in the liguleless plants than 
in normal plants, whose ear buds have more protection against 
inoculation. This might account for the susceptibility of the liguleless 
plants. 

In Table XXXI are summarized the F, data on the progenies of 
the cross low smut, green plants & high smut, purple plants (33 x 2). 

The difference in percentage between the purple and green smutted 
plants was only 1.7. Apparently the factors for smut reaction were 
not linked with the Plpl factor pair determining purple and green 
plants, located in the “Y” linkage group. 
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TABLE XXXI 


F. ProcGentfks or Cross Low Smut, Green Prants X HicH Smut, 
PureLe Prants (33 X 2) 


Purple plants Green plants 
= —— Percentag> 
Culture No. Not Not plants smutted 
Smut- smut- Total Smut- smut- Total — 
ted - ted ted ted Purple Green 
I, 7, 13, 19, 25, 31 85 188 273 30 58 88 tet 34.0 
STO VrlA, 20) 20. - 32 39 155 194 16 60 76 20.1 20 T 
$199, 15; 21; 27; 33 230 2236 756 17 31 48 21.2 35-4 
Anno; 16, 22, 28, 34 56 112 168 18 31 49 Bag 36.7 
Seubert ou 203) 35 54 130 184 21 55 76 29.3 27.6 
Of; Bey Loy 24, 30, 36 73 136 209 21 46 67 34.9 ana 
Total 340 844 1184 123 281 404 28.7 30.4 


The purple plant parent of this cross was very susceptible to ear 
smut infection while the green plant parent was practically immune, 
under the conditions of the experiment. In F,, 22 per cent of the 
purple plants had infected ears and only 9 per cent of the green plants. 

4n Tables XXXII, XX XIII, and XXXIV are summarized the F, 
data of the progenies of three different crosses between strains differing 
in smut reaction and color of endosperm. 


TABLE XXXII 


F. Procentes or Low Smut, Wuite EnpospermM X Hicn Smut, 
YELLOW ENpOsPERM Cross (33 X 39) 


Plants from Plants from P reentrge 
seed with yellow seed with white plants smutted 
endosperm endosperm from 
Culture - Culture --- ae 
No. Not No. Not Yellow en- White en- 
Smut- smu:- Total Smut- smut- Total dosperm dosperm 
ted ted ted ted seeds seeds 
47 86 158 244 52 17 57 74 35-2 23.0 
48 Ge 47, 205 53 16 49 65 31.6 24.6 
49 64 148 212 54 13 48 61 30.2 iG! 
50 TO 357 233 55 7) 49 66 32.0 25.8 
51 61 186 247 56 22 42 64 24.7 34.4 
Total 355 796 1151 = 85 245 330 30.8 25.8 


TABLE XXXIII 


F, ProGenies or Mevium Smut, YeLrtow Enposperm X Hicu Smut, 
Wuitr Enposperm Cross (31 X 11) 


Plants from Plants from P rceentage 
seed with yellow seed with white plants smutted 
endosperm endosperm from 
Culture Culture : === 
No. ee No. Not Yellow en- White en- 
Smut- smu:- Total Smut- smut- Total dosperm dosperm 
ted ted ted ted seeds seeds 
57 50 36 86 60 19 24 43 58.1 44.2 
58 ToS) | stor | 206 61 38 31 69 53-2 55-1 
59 ; 100 121 221 62 25 18 43 45.2 58.1 


NI 
mn 

i) 
Ke) 


Total 1 ZO5° 25or B23 82 73 155 50. 
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TABLE XXXIV 


F, Procenies or Cross Low Smut, YELLOW EXposperM X HicH Smut, 
WuHitE ENpOsPERM (36 X 6) 


Plants from Plants from P. rcentage 
seed with yellow seed with white plants smutted 
endosperm endosperm from 
Culture —- — Culture 7 
No. Not No. Not Yellow en- White en- 
Smut- smut- Total Smut- smut- Total dosperm dosperm 
ted ted ted ted seeds seeds 
63 76 172 248 67; 7D 19 59 78 30.6 24.4 
64 64 222 286 68, 72 26 89 II5 22.4 22.6 
65 53 225 278 69, 73 21 72 93 19.1 22.6 
66 123 162 285 70, 74 44 54 98 43.2 44.9 
Total 316 781 1007 110 274 384 Pes 28.6 


The differences in percentages between the smut-infected plants 
in the F,, grown from yellow endosperm seed and from white 
endosperm seed, in the three crosses summarized in Tables XXXII, 
XXXIII, and XXXIV, were 5.0, 2.9, and 0.2, respectively. Appar- 
ently the factors determining smut reaction and the Yy factor pair 
for yellow endosperm are not linked. 

The percentages of plants having ear smut infections were 9.8 
and 7.9 when the plants were grown from yellow and from white 
endosperm seed, in the first cross (Table XXXII). The percentages 
with ear smut infections were 2.5 and 1.9, respectively, in the second 
cross (Table XXXIII); and 0.6 and 1.3, respectively, in the third 
cross (Table XXXIV). 

The factors Yy and Plpl are both located in the “Y” linkage group 
and are separated by a map distance equivalent to 29.7 per cent crossing 
over. Since the factors for smut reaction seem to be inherited inde- 
pendently of both the Yy and Plpl factors, which are located a con- 
siderable distance apart on the chromosome, the evidence indicates 
very strongly that the factors for smut reaction are not carried in the 
“Y” linkage group. 

In Table XXXV are summarized the F, data of the progenies of 
the cross low smut, white pericarp < high smut, red pericarp 
(33 X 39)- 

TABLE XXXV 


F., Procentes or Cross Low Smut, Wuire Pericarp X Hicu Smut, 
Rep Perrcare (33 X 39) 


Plants with Plants with 
red pericarp white pericarp Percentage plants 
Culture smutted with 
No. Not Not - 
Smut- smut- Total Smut- smut- Total Red White 
ted ted ted ted pericarp pericarp 
47, 52 55 130 185 7 62 69 29.7 10.1 
48, 53 29 104 133 4 36 40 21.8 10.0 
49, 54 30) 23) 140 2 47 49 24.2 4.1 
50, 55 38 «6125 «163 4 48 52 23.3 77. 
51, 56 23 142 165 8 51 59 13.9 13.6 


Total ron 614 > Fos 25 244 269 22.8 9.3 


USTILAGO ZEAE IN MAIZE 43 


A distinct correlation is evident between smut reaction and peri- 
carp color. More than twice as many of the plants with red pericarp 
ears were smutted as of plants with white pericarp ears. Apparently 
the factor, or factors, involved in determining smut reaction in this 
cross were linked with the Pp factor pair which determined pericarp 
color. The Pp factors are located in the “P” linkage group. 

In this cross 7.2 per cent of the red pericarp plants had ear smut 
infections and only 2.6 per cent of the white pericarp plants. This is 
about the same ratio as was found in the case of total smut infection. 
The red pericarp parent had a very high percentage of ear smut infec- 
tion (100 per cent in 1925 and 63.4 per cent in 1926) while the white 
pericarp parent was practically immune. 

As no morphological demonstrable plant characters seemed to be 
associated with the factors for red pericarp color in this cross, that 
is, morphological characters which might be expected to influence the 
expression of smut reaction, it seems evident that genetic factors must 
here be responsible for the linkage between pericarp color and smut 
reaction, 

Selfed strains of corn were found in the smut inheritance plot 
which all carried the red pericarp color factors (PP) and which 
varied in percentage of smut infection from 5.0 to 100.0. This sug- 
gests that the factors for pericarp color and for smut reaction could 
be linked in either the coupling or the repulsion phase. 

im, Pable XXXVI are given the F, data of the progenies of the 
eress medium smut, normal plants x high smut, brachytic plants 
(3%) 11). In this cross twice as many of the brachytic as of the 
normal plants were infected by smut. Apparently the factor, or 
factors, determining smut reaction and the Brbr factors, determining 
the normal vs. brachytic plant characters, were linked in inheritance. 


TABLE XXXVI 
F, ProGenres or Cross Meprum Smut, Norma PLants X HicH Smut, 
Bracuytic PLants (31 X 11) 


Normal plants Brachytic plants 
ao - —— = Percentage 
Culture Not Not plants smutted 
No. Smut- smut- Total Smut- smut- Total == = 25 
ted tid ted ted Normal Brachytic 
57, 60 42 57 99 27 3 30 42.4 90.0 
58, 61 102 120 222 51 12 63 45-9 81.0 
59, 62 7G. 130) 207 49 8 57 36.7 86.0 
Total 220 - 308 528 127 23 150 Atay 84.7 


The brachytic parent strain had 7.0 per cent of ear smut in 1926 
while the other parent strain had 7.4 per cent. In the F,, 6.7 per 
cent of the brachytic plants had ear smut infections and only I.1 per 
cent of the normal plants. 
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Smut infections on the main stalk predominated on the medium 
smut, normal plant parent. Infections onthe leaves and ear buds 
predominated on the brachytic parent. In the F,, ear bud infections 
were a trifle higher (37.3 per cent compared with 25.8 per cent) on 
the brachytic than on the normal plants. With regard to leaf infection, 
32.0 per cent of the brachytic plants were infected and only 1.9 per 
cent of the normal plants. Of the brachytic plants, 22.6 per cent had 
main stalf infections in the F,, while only 5.9 per cent of the normal 
plants had main stalk infections. 

In this brachytic cross, susceptibility may have been determined by 
genetic factors for smut reaction, or morphological characters of the 
brachytic plants may have influenced the expression of smut suscep- 
tibility. Different parental lines were used in the red pericarp, high 
smut white pericarp, low smut cross from those used in the brachytic 
plants, high smut X normal plants, medium smut cross, In the red 
pericarp color cross both parents carried the factors for non-brachytic 
(normal) plants. One of these parent lines was susceptible and one 
resistant to smut infection. The evidence, therefore, seems quite 
conclusive that genetic factors were involved in determining smut 
reaction in these two crosses. 

As both the Pp and Brbr factor pairs, located in the “P” linkage 
group, seem to be linked with a factor or factors determining a specific 
reaction to smut infection, it may be concluded that factors determining 
smut reaction are carried in the “P” linkage group. 

The parent strains of the cross low smut, white pericarp high 
smut, red pericarp (33 X 39), grown in another plot in 1926, showed 
0.0 and 78.0 per cent of infected plants in the white and red pericarp 
parents, respectively. The percentages of infected plants obtained in 
the F, progenies were 9.3 for the white pericarp plants and 22.8 for the 
red. This indicates that a certain amount of crossing over had occurred 
between the Pp factors and the factors for smut reaction. The parent 
strains of the cross medium smut, normal plants & high smut, brachytic 
plants (31 X11) had 48.2 and 69.8 per cent of the normal and 
brachytic plant parent lines, respectively, infected by smut. In the F, 
of this cross, 41.7 per cent of the normal plants were infected and 
84.7 per cent of the brachytic plants. It seems from these data that 
either a closer linkage exists between the factors for smut reaction 
and the Brbr factor pair than between the factors determining smut 
reaction and the Pp. factor pair, or certain morphological characters 
of the brachytic plants influenced the amount of smut infection. If 
genetic factors alone were responsible for smut reaction, the genes 
would be in this order on the chromosome: pericarp color, smut reac- 
tion, brachytic plants; or pericarp color, brachytic plants, smut 
reaction. 
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In Table XXXVII are summarized the F, data of the progenies 
of a cross low smut, white aleurone > high smut, brown aleurone 
(36 X 6). 

TABLE XXXVII 


F2 Procenies oF Cross Low Smut, Wuite ALEuRONE X HiGH Smut, 
Brown ALEURONE (36 X 6) 


Plants from ; ; Plants from Percentage 
seeds with brown seeds with colorless plants smutted 
aleurone aleurone from 
Culture Culture _- - - -— 
No. Not No. Not Brown — Colorless 
Smut- smut- Total Smut- smut- Total aleurone aleurone 
4 ted ted ted ted seeds seeds 
67 15 47 62 71 4 12 16 24.2 25-0 
68 16 71 87 72 10 18 28 18.4 ane 
69 20 51 71 73 I 21 22 28.2 4.5 
70 32 37 690 74 12 17 29 46.4 41.4 
Total 83 206 289 : 27 68 95 28.7 28.4 


The percentages of smutted plants grown from brown aleurone and 
colorless aleurone seeds were almost identical, indicating that the genes 
for reaction to smut infection were inherited independently of the 
Bnbn factors, located in the “Bn” linkage group. 

The percentage of plants with ear smut infections in F,, was 
1.7 for plants from brown aleurone seeds and o.0 for plants from 
colorless aleurone seeds. 


DISCUSSION AND CONCLUSIONS 


Selfed lines of corn which seemed to be homozygous for factors 
determining a particular reaction to smut infection in an artificially 
induced smut epidemic, were selected as parent strains for making 
crosses for the purpose of studying the inheritance of smut reaction. 
It was possible to isclate strains which were practically homozygous 
for a particular type of smut reaction by selfing for only two or three 
years. In two of the parent lines used in these crosses, however, it 
was necessary to self for four or five years before they apparently 
became homozygous for the factors determining their reaction to 
smut infection. A uniform percentage of smut-infected plants for 
three years did not always furnish a reliable guide as to the reaction 
of these strains in subsequent years. The high correlations between 
the results obtained from the two series of a uniform replication, as 
well as the uniform results obtained from year to year, indicate that 
genetic factors were involved in conditioning a particular type of 
smut reaction. 

Four different F, crosses were grown in two different years from 
seed of the same F, ears. Three of these crosses gave practically 
identical percentages of smut-infected plants in both years. The 
difference between the reactions of the fourth cross for the two years 
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it was tested was five times its probable error. This difference may 
have been due to chance variability or it may have been caused by 
different physiologic forms of Ustilago seae differentiating this cross 
for the two years of the test. 

In eight backerosses, in which the crosses could be compared with 
their reciprocals, the differences were all less than three times their 
probable errors, indicating that the factors were inherited alike in both 
male and female gametes. 

In sixteen I, crosses, the reactions to total smut infection of the 
I*, were intermediate in twelve crosses, approached the more resistant 
parent in one cross, and the more susceptible parent in the other three 
crosses. In six I, crosses which could be compared directly with the 
Fy} 


and lower in two crosses than it was in the F,. In nineteen back- 


the percentage of smutted plants in F, was higher in four crosses 


crosses, twelve approached the more susceptible parent in reaction and 
seven approached the more resistant parent in percentage of infected 
plants. 

Two crosses were tested in F, by growing a large number of F, 
lines from seed of selfed F, plants selected at random. In one of these 
crosses, that of Minnesota No. 13 high x medium smut (30 X 17), 
the percentage of smutted plants was intermediate in the F,, slightly 
higher in I, than in F,, the four backcrosses were as susceptible as 
the more susceptible parent, and in the I, there was found a large 
preponderance of high over medium smut lines. No IF, lines exceeded 
the parents in percentage of smutted plants. In the other cross, that 
of Rustler high xX low smut lines (28 X 33), in which resistance 
was slightly dominant in the F,, the IF, was slightly more susceptible 
than the F,, one backcross was intermediate and the other was as 
susceptible as the more susceptible parent, the I, lines were all 
medium or high smut lines, no low smut lines being found in Fs. 
None of the I*, lines exceeded the reactions of either parent. 

In general, in these crosses, there was no dominance of either 
resistance or susceptibility in F,; a majority of the F, and backcrosses 
varied in reaction, with a slight tendency for the backcrosses to ap- 
proach the more susceptible parent; and in. F, a preponderance of the 
lines approached, altho they did not exceed, the more susceptible 
parent in percentage of smut-infected plants. 

With regard to ear smut infection, twelve of the sixteen F, crosses 
were intermediate, two approached the resistant parent in reaction, 
and two approached the more susceptible parent in percentage of ear 
smut. Five of the six F, crosses, which could be compared directly 
with the F,, were more susceptible to ear smut infection in the F, 
than they were in the F,, while the remaining F, cross was lower than 
the F,. Thirteen of the nineteen backcrosses were intermediate in 
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reaction and the other six were as susceptible as the more susceptible 
parent. In one of the crosses tested in F,, in which the F, was inter- 
mediate, the F, was more susceptible than the F,, and the four back- 
crosses were intermediate; about half of the F., lines were lower and 
the rest were higher in percentage of ear smut infection than the 
average of the parents. Seven of the F, lines were more susceptible 
to ear smut than the more susceptible parent. In the other cross 
tested in F,, in which resistance to ear smut was slightly dominant in 
the F,, the F, was more susceptible than the F,, the backcrosses were 
almost as susceptible to ear smut infection as the more susceptible 
parent, forty-one of the F, lines were lower and eleven were higher 
in per cent of ear smut than the average of the parent lines—none 
of the F, lines in this cross exceeded the limits of the parent lines. 

In general, the reactions to ear smut infection in these crosses were 
intermediate in F,, the F, was slightly more susceptible than the F, 
in five of the six crosses, the backcrosses were either intermediate or 
approached the more susceptible parent in reaction, and slightly more 
than half of the F, lines were more resistant than the average of the 
parents. The F,, F,, and backcrosses were grown the same year, while 
the F, lines were grown in later years. In general, ear smut infection 
seemed to be inherited in the same way as total smut infection. 

A large number of selfed lines of corn which had been grown for 
several years in the regular corn breeding nursery, were tested in 
the smut inheritance plot in an artificially induced smut epidemic, in 
order to determine the reliability of notes taken under normal field 
conditions, compared with smut epidemic conditions. In general, it 
was found that notes taken under average field conditions were an 
aid in obtaining smut-resistant strains, but that these strains should 
be tested in a smut epidemic in order to be sure of their resistance. 
If the strains to be so tested have been self-fertilized for three or 
four years, one year’s test in a smut epidemic should give a relatively 
accurate index as to the actual resistance of the strain. Of the thirteen 
lines which had been selfed for at least four years and selected as being 
resistant under normal field conditions, the conclusions based on one 
year’s test in a smut epidemic would have been erroneous in the 
case of two of these strains, as determined from results obtained by 
longer tests under, epidemic conditions. These two strains probably 
were not homozygous for the factors determining smut resistance 
when first tested in the smut inheritance plot. 

A combination was made of eight strains which seemed to be 
smut-resistant, in order to determine whether any lines not smut- 
resistant would be found in F, and later generations of the cross; 
or if the same genetic factors determined resistance in each of the 
eight strains combined. The average percentage of total and of ear 
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smut infection was not significantly higher in the F, of the combina- 
tions than in the average of the parents grown the same year, as 
might be expected from results obtained in other F, crosses. Very 
nearly the same percentage of smut-infected plants was found in the 
female parent strains of the Minnesota No. 13, Northwestern Dent, 
and Longfellow varieties as in the F, combinations on these strains, 
However, considerable variability was found between Rustler female 
parent strains and the F, combinations on these strains. The number 
of parent strains was too small to allow any conclusions to be drawn 
from these facts. 

A co-operative study was carried on with the department of 
agronomy of the University of West Virginia in which seed of ten 
selfed lines of corn of known smut reaction in a smut epidemic, 
from each state, were exchanged and grown at both Morgantown, 
West Virginia, and University Farm, St. Paul, in 1925 and 1926. 
In general, a higher percentage of smut-infected plants was obtained 
at University Farm than at Morgantown. The same general relation- 
ship between the percentage of infected plants in these two localities 
held for practically all strains involved in the test. Some of the 
strains were far more severely infected in Minnesota than in West 
Virginia, indicating either that different physiologic forms of smut 
were involved or that conditions for infection were more favorable 
in Minnesota than in West Virginia. The location of the preponder- 
ance of smut infections on the plants was not always the same when 
these strains were grown in both states the same year. As meriste- 
matic tissue is necessary for infection by the smut-producing organism, 
the differences in location of the preponderance of smut boils on the 
plants of some of the strains may have been due to the fact that en- 
vironmental conditions necessary for infection were different when 
specific parts of the plants grown in these two states were most sus- 
ceptible. Or the physiologic forms of smut encountered in the two 
states may have differed in their ability to attack specific parts of the 
corn plants. 

The location of smut boils was shown to be a strain characteristic. 
Strains were found in which infections predominated on leaves, ears, 
tassels, base, rudimentary ear buds, and necks of the plants. Leaf 
infections predominated in the brachytic strain, which has a very high 
leaf area considering the size of the plants. Basal and lower ear 
bud infections predominated in a liguleless strain, which had less pro- 
tection against the inoculum washing down behind the leaf and result- 
ing in infection of the ear buds. A very large percentage of the 
tassel ears in a tassel seed strain were infected by smut. This strain, 
with its mass of exposed silks at pollination time, is admirably suited 
for infection at this point. These observations might suggest that 
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the location of smut boils on the plants may be associated with certain 
morphological characters of the plants. 

One of the Minnesota No. 13 strains, on the other hand, had a 
very large percentage of the infections located on the necks of the 
plants, while other strains of the same variety had no neck infections. 
Strains of the variety Rustler were found in which a high percentage 
of the plants had leaf infections while in other strains of the same 
variety leaf infections were extremely rare. One strain of Silver King 
also had a high percentage of leaf infections while in other strains the 
percentage was small. A selfed strain of Longfellow flint had prac- 
tically no leaf infections but a high percentage of ear infections. In- 
fections on the ear buds predominated in strains of four different 
varieties—Minnesota No. 13, Rustler, Northwestern Dent, and a yellow 
endosperm, liguleless strain—in which no morphologically demonstrable 
characters were apparent which could be considered as associated with 
the location of smut boils on the plants. While morphological char- 
acters of the plants may be associated with the location of smut boils 
on specific parts, resistance or susceptibility to smut infection at these 
locations may also be physiological. 

Susceptible selfed strains of corn have a greater tendency toward 
multiple infections on the plants than have resistant strains. There 
was also a tendency for smut boils to develop to a greater size on sus- 
ceptible than on resistant strains. 

That the mere “percentage of smut-infected plants” in a given 
strain, without regard to the location of smut boils on the plants, 
may lead to erroneous conclusions, was shown in several instances. 
Three smut-resistant strains have been found which showed an ex- 
tremely high percentage of infected plants in only one of several years 
in which they were tested. Upon checking the notes on the loca- 
tion of smut boils on the plants during this year, it was found that in 
each of the three cases this exceptional increase was due to tassel infec- 
tion. This occurred but once in each of the three strains referred 
to, in several years. It would be quite possible to draw erroneous 
conclusions regarding the degree of resistance of these strains if this 
factor of the location of smut boils were not taken into consideration. 

Seedlings of F, lines of a Rustler high & low smut cross 
(28 X 33) were grown in the greenhouse and inoculated hypodermically 
with smut sporidia of a single physiologic form of Ustilago zeae. It 
was found possible to obtain a high percentage of smut infections on 
seedlings grown in sand in a greenhouse bench with a mean tempera- 
ture of between 70° and 80° F. Some variation was found in the 
amount of infection in these F, lines, but no lines with an appreciable 
degree of resistance were found. No significant correlation, as meas- 
ured by the correlation coefficient, was found between seedling infec- 
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tion by a single physiologic form of smut, in-the greenhouse, and plant 
infections under field conditions. Either conditions for seedling infec- 
tion were different from those for plant infections in the field, or the 
physiologic form of smut used was not able to differentiate these F, 
lines in the same way as were the forms of smut encountered under 
field conditions. 

Crosses were made between selfed strains of corn which differed 
in smut reaction as well as in genetic factors known to be located in 
one of the chromosome linkage groups. The linkage relations between 
the factors determining smut reaction and these other factors were 
then studied in the F, generation. 

The factors determining smut infection were found to be inherited 
independently of the factors for shrunken vs. normal endosperm located 
in the “C” linkage group, the Prpr aleurone color factors which may 
be located in the “R” linkage group, the factors for sugary vs. starchy 
endosperm in the “su” linkage group, the factors for purple vs. green 
plant color, and the factors for yellow vs. colorless endosperm, both 
of which are in the “Y” linkage group, and the factors for brown vs. 
colorless aleurone located in the “Bn” linkage group. 

The factors for smut reaction were found to be linked in inheritance 
with the factors for liguleless vs. ligulate plants located in the “B” 
linkage group and the factors for brachytic vs. normal plants and red 
vs. colorless pericarp, both of which are located in the “P” linkage 
group. 

Because of unusual weather conditions in 1926 and the lateness 
of maturity of these F, crosses, the percentage of ear smut was low. 
However, in the crosses in which the parent strains differed markedly 
in percentage of ear smut infection, the F, segregates showed about the 
same linkage relations with regard to ear smut as they did with regard 
to total plant infection. 

In the cross of the high smut, liguleless line & the low smut, 
normal line (36 X 6), infections on the base and lower ear buds pre- 
dominated in the liguleless parent strain. The same condition was 
true of the liguleless plant segregates in the F,. In the cross of the 
high smut, red pericarp line X the low smut, colorless pericarp line 
(33 X 39) there was no particular localization of smut boils on the 
red pericarp parent. There was a slight preponderance of infections 
on the ear buds and ears of the red pericarp plant segregates in the 
F,. In the cross of the high smut, brachytic line & the low smut, 
normal line (31 X I1), infections on leaves, tassels, and ear buds pre- 
dominated on the brachytic parent while main stalk infections pre- 
dominated on the normal parent. In the F,, infections on the ear 
buds, leaves, and main stalk predominated on the brachytic plant segre- 
gates, while infections on the ear buds, neck, and main stalk pre- 
dominated on the normal plant segregates. 
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In the above three crosses there seemed to be some association 
between the location of smut boils on the plants of the parent strains 
and on the F, segregates of the crosses. There were, however, several 
instances in which a large percentage of smut boils on a specific loca- 
tion on the plants of one parent was associated with the opposite 
genotypic type of plants in the F,. Because of conditions under which 
the parent strains and the F, crosses were grown in 1926, however, 
it would be difficult to draw definite conclusions regarding the extent 
to which location of smut boils on the plants of a parent strain was 
associated with the particular type of plants in the F,. 


SUMMARY 


. Inheritance of reaction to smut (Ustilago zeae) was studied in 
ae lines of corn and crosses between these selfed lines. 

Selfed lines of corn which were apparently homozygous for a 
particular type of smut reaction were isolated after only a few years 
of selfing. 

3. Factors determining smut reaction were transmitted alike in 
both male and female gametes. 

4. Crosses between selfed lines differing in smut reaction were, 
in general, intermediate in reaction. There were several cases of 
apparent dominance of susceptibility, however. A slight tendency to 
approach the more susceptible parent was found in the F, and back- 
crosses. Reaction to ear smut infection was inherited in the same 
manner as reaction to total smut infection. 

5. Selection of selfed lines of corn resistant to smut under average 
field conditions was found to be an aid in obtaining such resistant 
strains, but they should be tested in a smut epidemic in order to be 
sure of their resistance. 

6. F, combinations of eight smut-resistant strains were as resistant 
as the average of the parent strains. 

7. The relationship between the percentage of smut-infected plants 
was quite constant for the same strains grown both in Minnesota and 
in West Virginia the same two years. . The location of smut boils on 
the plants differed somewhat when grown in the two states. This 
may have been due to different physiologic forms of smut or to the 
fact that conditions for infection at different stages of the growth 
of the plants were not the same. 

8. Location of smut boils on the plants was found to be a strain 
characteristic. Morphological characters of the plants may have been 
associated with the location of smut boils on the plants or physiologic 
susceptibility may have determined their location. 
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g. Seedling infection was studied in the greenhouse. No appreci- 
able correlation was found between the amount of seedling infection 
with a single physiologic form of smut and plant infection under field 
conditions. 

10. Linkage relations were studied between the factors determining 
smut reaction and one or more known genetic factors in seven of the 
chromosome linkage groups. The factors for smut reaction were 
found to be inherited independently of the Shsh, Prpr, Susu, Plpl, Yy, 
and Bnbn factor pairs, which are located in five different linkage 
groups, and to be linked with the factor pairs Lglg, Brbr, and Pp, 
which are located in two different linkage groups. 


Summary oF Reactions or Fz; Lines or RustreR High X Low Smut Cross (28 X 33) 


The seedlings were grown in the greenhouse and artificially inoculated with sporidia 
of a single physiologic form of smut. 


1026 No. 1926 N 


Culture of Per cent Culture of Per cent 
No. plants smutted No. plants smutted 
109 32 53-1 138 34 61.8 
110 41 30.6 139 33 87.9 
III 38 44.7 140 34 76.5 
U2 42 85.7 141 31 77-4 
113 35 60.0 142 34 70.6 
114 43 55- 143 46 76.1 
115 39 66.7 144 35 74:3 
119 41 58.5 145 45 51.1 
116 By, 48.6 146 40 85.0 
117 35 68.6 147 33 78.8 
118 33 66.7 148 40 77.5 
120 36 66.7 150 41 92.7 
121 40 Om 151 44 88.6 
122 35 85.7 153 44 75-0 
123 35 57-1 156 44 77-3 
126 36 55.6 157 38 65.8 
127 30 66.7 158 48 77.1 
124 22 68.2 159 44 77.3 
128 35 80.0 160 43 74.4 
133 31 90.3 162 44 72.7 
136 25 64.0 


LITERATURE CITED 


1. Anderson, E. G. The inheritance of salmon’ silk color in maize. New York 
(Cornell) Agr. Exp. Sta. Memoir 48. 1921. 

2. ————— and Emerson, R. A. Pericarp studies in maize. I. The inheritance 
of pericarp colors. Genetics 8:466-476. 10923. 

3. Arthur, J. C. and Stuart, W. Corn smut. Indiana Agr. Exp. Sta. Ann. 
Rept. (1899) 12:84-135. 1900. 

4. Bregger, T. Linkages in maize. The C aleurone factor and waxy endosperm. 
Am. Nat. 52:57-61. 10918. 

5. Brunson, A. M. The inheritance of a lethal pale green seedling character 
in maize. New York (Cornell) Agr. Exp. Sta. Memoir 72. 10924. 

6. Christensen, J. J. and Stakman, E. C. Physiologic specialization and muta- 
tion in Ustilago zeae. Phytopath. 16:979-1000. 1926. 


NI 


12. 


10. 


20. 


30. 


his 


USTILAGO ZEAE IN MAIZE 53 


Coffman, F. A., Tisdale, W. H., and Brandon, J. F. Observations on corn 
smut at Akron, Colorado. Jour. Am. Soc. Agron. 18:403-410. 10926. 
Collins, G. N. A new type of Indian corn from China. U. S. Dept. 
Agr. Bur. Plant Ind. Bull. 161. 1909. 
Gametic coupling as a cause of correlation. Am. Nat. 46:569-590. 
1912. 
Hybrids of Zea ramosa and Zea tunicata. Jour. Agr. Res. 9:383-305. 
IQI7. 


. Demerec, M. Inheritance of white seedlings in maize. Genetics 8:561-503. 


1923. 
Genetic relations of five factor pairs for virescent seedlings in 
maize. New York (Cornell) Agr. Exp. Sta. Memoir 84. 1924. 
Inheritance of pale green seedlings in maize. Genetics 10:318-344. 
1925. 
Notes on linkages in maize. Am. Nat. 60:172-176. 1926. 
East, E. M. and Hayes, H. K. Inheritance in maize. Conn. Agr. Exp. 
Stay Bull; 167. Tori. 
— and Jones, D. F. Genetic studies on the protein content of maize. 
Genetics 5:543-610. 1920. 


. Emerson, R. A. Genetic correlation and spurious allelomorphism in maize. 


Neb. Agr. Exp. Sta. Ann. Rept. 24:58-90. I91I. 

The inheritance of the ligule and auricle of corn leaves. Neb. 
Agr. Exp. Sta. Ann. Rept. 25:81-88. 1912. 

A fifth pair of factors, Aa, for aleurone color in maize and its 
relation to the Ce and Rr pairs. New York (Cornell) Agr. Exp. Sta. 
Memoir 16. 1018. 

Heritable characters of maize. II. Pistillate flowered maize plants. 
Jour. Heredity 11:65-76. 1920. 

The genetic relations of plant colors in maize. New York (Cornell) 
Agr. Exp. Sta. Memoir 39. 1921. 


. Eyster, W. H. The linkage relations between the factors for tunicate 


ear and starchy-sugary endosperm in maize. Genetics 6:209-240. 10921. 
The intensity of linkage between the factors for sugary endosperm 
and for tunicate ears and the relative frequency of their crossing over in 
microspore and megaspore development. Genetics 7:597-601. 1922. 
Heritable characters in maize: Polkadot leaves. Jour. Heredity 
15°397-400. 1924. = 


. Garber, R. J. and Quisenberry, K. S. Breeding corn for resistance to smut 


(Ustilago zeae). Jour. Am. Soc. Agron. 17:132-139. 1925. 


. Griffee, Fred. Factor relations in barley species crosses. (Abs.) Anat. 


Rec. 26:384. 1923. 

Correlated inheritance of botanical characters in barley, and man- 
ner of reaction to Helminthosporium sativum. Jour. Agr. Res. 30:915-935. 
1925. 


. Hayes, H. K. Production of high-protein maize by Mendelian methods. 


Genetics 7:237-257. 1022. 

and Brewbaker, H. E. Factors for color of aleurone and endosperm 
in maize. Jour. Am. Soc. Agron. 18:761-766. 1926. 

and Garber, R. J. Synthetic production of high protein corn in 
relation to breeding. Jour. Am. Soc. Agron. 11:309-318. Ig19. 

Breeding crop plants. McGraw-Hill Book Company, New York. 
1921. 


55. 


56. 


MINNESOTA TECHNICAL BULLETIN 51 


, Stakman, E. C., Griffee, Fred, and -Christensen, J. J. Reactions 
of selfed lines of maize to Ustilago seae. Phytopath. 14:268-280. 1924. 


. Hitchcock, A. S., and Norton, J. B. S. Corn smut. Kansas Agr. Exp. Sta. 


Bull. 62:169-212. 1806. 


. Hutchison, C. B. Heritable characters of maize. VII. Shrunken endo- 


sperm. Jour. Heredity 12:76-83. 10921. 

The linkage of certain aleurone and endosperm factors in maize, 
and their relation to other linkage groups. New York (Cornell) Agr. 
Exp. Sta. Memoir 60. 1922. 


. Immer, F. R. and Christensen, J. J. The reaction of selfed lines and 


crosses of maize to Ustilago seaec. Phytopath. 15:699-707. 1925. 


. Jones, D. F. Segregation of susceptibility to parasitism in maize. Am. 


Jour. Bot. 5:295-300. 1018. 

Heritable characters of maize. XXIII. Silkless. Jour. Heredity 
16339-3411. 10925. 
and Gallastegui, C. A. Some factor relations in maize with refer- 
ence to linkage. Am. Nat. 53:239-246. 1919. 


. Kempton, J. H. MHeritable characters of maize. III. Brachytic culms. 


Jour. Heredity II:I1I-115. 1920. 


. ——— Linkage between brachytic culms and pericarp and cob color in 


maize. Jour. Wash. Acad. Sci. 11:13-20. 10921. 
Linkage between brachyism and adherence. Am, Nat. 56:461-464. 


1922. 


. Kvakan, Paul. The inheritance of brown aleurone in maize. New York 


(Cornell) Agr. Exp. Sta. Memoir 83. 10924. 


. Lindstrom, E. W. Linkages in maize: Aleurone and chlorophyll factors. 


Am. Nat. 51:225-237. 1017. 

Chlorophyll inheritance in maize. New York (Cornell) Agr. Exp. 
Sta. Memoir 13. 1918. 

Chlorophyll factors of maize: Their distribution on the chromosomes 
and relation to the problem of inbreeding. Jour. Heredity 11:269-277. 
1920. 

Concerning the inheritance of green and yellow pigments in maize 
seedlings. Genetics 6:91-I10. 1921. 

— Heritable characters in maize. XIII. Endosperm defects. Sweet 

defective and flint defective. Jour. Heredity 14:127-135. 1923. 
— A genetic linkage between size and color characters in the tomato. 
Science 60:182-183. 1924. 

Complementary genes for chlorophyll development in maize and their 
linkage relations. Genetics 9:305-326. 1024. 

Genetic factors for yellow pigment in maize and their linkage 
relations. Genetics 10:442-455. 1025. 
— Heritable correlation of size and color characters in tomatoes. Iowa 
Agr. Exp. Sta. Res. Bull. 93. 1926. 


. Mangelsdorf, P. C. The genetics and morphology of some endosperm 


defects in maize. Conn. Agr. Exp. Sta. Bull. 279. 1026. 


. Melchers, L. E. Ecological and physiological notes on corn smut, Ustilago 


geae. (Abs.) Phytopath. 11:32. 1921. 

Pammel, L. H., and Stewart, F. C. Prevention of corn oat smut. Jowa 
Agr. Exp. Sta. Bull. 20:721-726. 1893. 

Piemeisel, F. J. Factors affecting the parasitism of Ustilago zeae. Phytopath. 
7:204-307. 1917. 


> 


72, 


13. 


USTILAGO ZEAE IN MAIZE 


or 
or 


Plant Disease Reporter of the Bureau of Plant Industry of the U.S. Dept. 
of Agr. Dec. 30, 1924. 
Oct. 1, 1925. 
Nov. I, 1926. 


. Potter, Alden A. and Melchers, L. E. Study of the life history and eco- 


logical relations of the smut of maize. Jour. Agr. Res. 30:161-173. 
1925. 


. Sartoris, G. B. Studies in the life history and physiology of certain smuts. 


Am. Jour. Bot. 11:617-647. 1924. 


. Sax, Karl. The association of size differences with seed coat pattern and 


pigmentation in Phaseolus vulgaris. Genetics 8:552-560. 1923. 

The nature of size inheritance. Nat. Acad. Sci. Proc. 10:224-227. 
1924. 

Quantitative inheritance in Phaseolus. Jour. Agr. Res. 33:349-354. 
1926. 


. Sirks, M. J. The inheritance of seed weight in the garden bean. Genetica 


7 2119-169. 1925. 


. Stadler, L. J. Variation in the intensity of linkage in maize. Am. Nat. 


59:300-370. 1925. 
The variation of crossing over in maize. Genetics I1:1-37. 1926. 


. Stakman, FE. C. and Christensen, J. J. Physiologic specialization of Ustilago 


seae and Puccinia sorghi and their relation to corn improvement (Abs.) 
Phytopath. 16:84. 10926. 
Stroman, G. N. Genetic relations of chlorophyll and anthocyanin seedling 
characters in maize. Genetics 9:91-123. 1924. 
The inheritance of certain chlorophyll characters in maize. Genetics 
9493-512. 1924. 


. Tisdale, W. H. and Johnston, C. O. A study of smut resistance in corn 


seedlings grown in the greenhouse. Jour. Agr. Res. 32:649-668. 10920. 
Wentz, J. B. Linkage between sweet defective and sugary endosperm in 
maize. Genetics 10:395-401. 1925. 
Wood, T. B. and Stratton, F. J. M. The interpretation of experimental 
results. Jour. Agr. Sci. 3:417-440. 1910. 


Smut Boils 


“Small’’ 


and 


arty,” 


ipient,” “ 


“Tne 


Ts 


Fig. 


Slog NUIg Jo azig Burkzissep ut Sis¥q Se pas() “slog InNWS ,esieq, pure UNIpey,, “2 “Sy 


oi 


Fig. 3. Rustler High Smut Strain, Culture 28 


58 


Fig. 4. 
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Fig. 5. Base and Lower Ear Bud Infections on a Yellow Endosperm Liguleless 
Strain, Culture 6 
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Fig. 6. Corn Seedlings Growing in Sand in the Greenhouse Bench on January 8, 
1927, the Day They Were Inoculated, Hypodermically, with Smut Conidia 
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EXPERIMENTAL AND MATHEMATICAL 
ANALYSES OF DRAIN TILE TEST- 
ING AND NEW TEST BEARING* 


By Darton G. Mitrer? and Josrpu A. Wisr* 


Three different bearings for strength tests of drain tile are recog- 
nized by the American Society for Testing Materials*: (1) the sand 
bearing (Fig. 1), in which the upper quadrant and the lower quadrant 
of the tile are imbedded in sand, through which the load is applied; 
(2) the two-edge bearing (Fig. 2), in which the load is applied at 
extremities of the vertical diameter, the upper and lower platens having 
plaster of paris contacts; and (3) the three-edge bearing (Fig. 3), in 
which the tile rests on two strips of wood one-half inch radius bevel 
on the inside while the load is applied through a plane bottom timber 
resting on the uppermost element of the tile. 


Top Metal Bearing of 
Bearing r Testing Machine 
Plate--... yTop Bearing 


Frame el Square Stee! Bar 


Leeson Plaster Bearing 


~Lower 


Plaster i "Vc... 1"square Steel Bar i Bearing 
Leet -- Lower Bearing i ‘ 
of Testing Lea 
Machine 4 >| 1 lc 4 
2’ Radius-—--- At least 
Eeo x 60 


Detail of Lower Bearing. 


Fig. 1. Sand Bearing Fig.-2. Two-Edge Bearing Fig. 3. Three-Edge Bearing 
Standard Bearings for Testing Drain Tile, 1927 Book of A.S.T.M. Standards 


17This paper is based on experiments at the drain tile laboratory, University Farm, 
_ St. Paul, Minn., conducted by the Department of Agriculture of the University of Minnesota, 
the Department of Drainage and Waters of the State of Minnesota, and the U. S. Depart- 
ment of Agriculture. These experiments were outlined primarily to simplify the testing, for 
strength, of drain tile of large diameter, altho the results of the work also apply to the 
testing of both sewer pipe and culvert pipe. 

2Senior Drainage Engineer, U. S. Dept. of Agr., in charge of co-operative drain tile 

laboratory. 


3 Assistant Professor of Structural Engineering, Civil Engineering Department, Univ. of 
Minn. (Formerly Junior Drainage Engineer, U. S: Dept. of Agr.) 


+ Standard Specifications for Drain Tile, 1927 Book of A.S.T.M. Standards. 
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In the course of the work in Minnesota several thousand drain tile, 
of sizes from 4 to 36 inches in diameter, have been tested, using for 
the most part the three-edge bearing, as this type is best suited for 
ordinary requirements, both in the laboratory and in the field, as it is 
generally necessary to keep the cost of testing at a minimum. Con- 
siderable difficulty, however, has been experienced with this bearing in 
the testing of tile as large in diameter as 22 inches and upward, owing 
to a tendency to roll out of the machine as the load is applied, unless 
the tile are truly circular in shape and of constant wall thickness. Also, 
tile that are out of shape or of non-uniform wall thickness will usually 
not have the center of gravity and geometrical center coincident. This 
introduces inaccuracies in the test. 

The chief objection to the sand bearing is that it is tedious of 
application, particularly for tile of large diameter, while the same 
objection holds to a lesser degree for the two-edge bearing. 


THE MINNESOTA BEARING 


To obviate the difficulties with the three standard bearings, a new 
bearing, tentatively named the Minnesota (Fig. 4), is suggested. When 
the tests were outlined and until completed, it was thought that this 
bearing was entirely new. It later developed that this was not strictly 
true, as some years ago a few tile were tested at University Farm in 
which this bearing was used by John T. Stewart as a part of the 
earlier work of the A.S.T.M. committee on drain tile; also, rather 
peculiarly, the bearing was then called the “Minnesota” and was so 
referred to in reports covering the earlier work. For some reason no 
efforts were made after the first very meager tests to develop this 
bearing and so far as known no mathematical analysis of it has here- 
tofore been offered, so that to all intents the Minnesota bearing, as 
considered in this paper, is new. 

As indicated in Figure 4, the lower 
quadrant of the tile, using the Minne- 
sota bearing, is imbedded in sand as in 
the sand bearing, while the load is ap- 


the tile through a timber, as in the 
three-edge bearing. This bearing has 
advantages over the sand bearing of 
simplicity and rapidity of application 
and eliminates the tendency of tile to 


In addition, tile that are out of shape or 


Fig. 4. Minnesota Bearing 


plied along the uppermost element of —— 


roll, as with the three-edge bearing. 


non-uniform in thickness will probably 
receive a more accurate test with this than with the three-edge bearing. _ 
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A series of tests was planned to determine experimentally the 
sand/Minnesota test ratio. It was decided to test tile at the same time 
on the three-edge bearing, because-of its wide use, and to obtain further 
information as to the ratio between sand and three-edge bearing 
strengths. 

A total of 1750 tile, from eight Minnesota tile plants, were tested, 
378 of these being clay tile and 1372 concrete. Most of the tile 
tested were concrete, as they were more readily obtained. There is 
no reason to believe that the materials of which the tile were made had 
any appreciable effect on the strength ratios of the various bearings. 


ROUTINE FOLLOWED IN TILE TESTS 


A tile testing machine known as the Universal was used in this 
work. All tile up to 12 inches in diameter were broken directly upon 
the platform scales. The 14-inch tile 2 feet long, and the 16-inch tile 
18 inches long were also tested directly. The longer 14- and 16-inch 
tile and all larger sizes were tested by means of a 1:5 ratio lever arm. 

A minimum depth of sand equal to one-fourth of the internal diam- 
eter of the tile was maintained below the bottom of-the tile and also 
above the top in the sand bearing. The upper sand box varied in size, 
depending upon the size of tile. It conformed as nearly as possible 
with the A.S.T.M. specifications. [1] Canvas was nailed to the box 
to retain the sand after the tile had collapsed. The smaller tile were 
tested in the three-edge bearing by means of a lower bearing placed 
upon the top of the sand box. A 4x6 inch oak block was placed 
below the lower bearing to increase rigidity and so cause a uniform 
distribution of load. The upper and lower bearing blocks were of oak 
and about 4 x 4 and 3 x 4 inches, respectively. A strip of white 
pine was used to face the upper bearing block of the three-edge and 
Minnesota bearings, while the two strips on the lower bearing of the 
three-edge bearing were of white pine. In order to eliminate accidental 
variations, as far as possible, the tile was tested in cyclic rotation: 
sand bearing, three-edge bearing, and Minnesota bearing. For the 
larger sizes, 20 inches and above, this was not done; instead, the order 
of testing was changed so that the sand and Minnesota bearings were 
_ used alternately and the three-edge bearing independently, the lower 
_ bearing being placed directly upon the lever arm. For most of the tests 
the sand was air dry, but for the 20-inch, 24-inch, and 30-inch tile it 
was lightly sprinkled. 

All tile were taken from stock piles at the various plants and were 
at least three months old when tested. Many were a year or more old. 
In general, all tile appeared to have been well made, as the concrete 
tile were nominally of a 1-3 mix and the larger sizes contained consider- 


. 
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able coarse aggregate (44-34 inch) while the clay tile were reasonably 
hard burned. The smaller concrete tile were made on rotating packer- 
head types of machines and the larger sizes were made on a tamping 
type or a more recently designed type of packer-shoe machine. The 
tile were carefully selected and only those of fairly uniform thickness 
and circular cross-sections were taken. Only tile without cracks, and 
otherwise sound, were taken, and the few that were cracked in ship- 
ping were not tested. A few in each group were tested for absorption 
in accordance with the A.S.T.M. standard test. [1] 

The procedure at the laboratory was substantially as follows: The 
tile were stored upon arrival, some in the building and some outdoors. 
They were numbered and: weighed and the diameter, length, and thick- 
ness of several tile of each size from every plant were measured. The 
tile were then distributed so that: for each size from every plant the 
average weight was practically the same for all three bearings. 

Most of the tile were tested as they came from the stock pile, with- 
out wetting, as it was thought that in making these bearing tests it 
made no appreciable difference whether the tile were wet, moist, or 
dry so long as the condition of all tile in any single series of tests was 
the same. However, in order to verify this assumption, 330 tile were 
selected and half were tested dry while the other half were tested after 
14 hours immersion in a tank in the laboratory. As will be noted in 
Table I, the difference in the wet-dry ratio is very slight for the three 
types of bearings. Table I, altho not complete enough to establish an 
exact relation between the strength of tile tested wet and tile tested 
dry, does indicate quite definitely a lower strength for concrete tile 
tested wet. Whenever possible concrete tile should be tested wet, but 
if tested dry some allowance should be made for the fact that the 
results are unduly high. 

There are not sufficient data at hand to establish any relationship 
between strength and absorption of clay tile tested wet and tested dry, 
but wet clay tile apparently do not lose as much in strength as do wet 
concrete tile. In any case the basis for all strength tests should be tile 
thoroly wet, preferably by immersion for at least 12 hours, and tests 
of dry tile should be made only when it is not expedient to test 
them wet. 


ee: Oe ee 
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TABLE I 
Comparison OF RESULTS OF TILE TEsTED Dry anp Tile TESTED WET 


Tile tested dry Tile tested wet 
Test Internal Av. Wet/dry Av. 
bearing diameter absorp- No. Strength No. Strength ratio wet/dry 
used of tile tion tested perlin. ft. tested per lin. ft. ratio 


Concrete Tile 


in. per cent lb. Ib. 

Sand | 6 5 1956 5 1550 0.792 

3-Edge 6 9.3 5 1276 5 1031 808 0.819 

Minnesota 6 5 1256 5 1077 -857 

Sand 6 if 5 1828 5 1408 -770 

3-Edge 6 9.2 5 1207 5 913 -756 +756 

Minnesota 6 5 1299 5 962 +741 

Sand 6 5 1368 i 1288 .942 

3-Edge 6 8.5 5 TO41 5 745 716 .819 

Minnesota 6 5 1077 5 86r 799 

Sand 6 ( 5 1570 5 1094 .697 | 

3-Edge 6 10.4 5 1012 5 791 782 | 782 

Minnesota 6 | 5 954 25 826 866 | 

3-Edge 6 List 10 981 9 909 +93 -93 

Sand 8 } {5 1531 5 1265 826 

3-Edge 8 11.4 5 1061 5 858 .809 .827 

Minnesota 8 5 1057 5 893 -845 

Sand 8 | 4 1681 5 1418 844 

3-Edge 8 8.5 4 1135 5 979 863 -875 

Minnesota 8 J 4 1055 5 967 917 | 

3-Edge 8 8.2 5 1678 5 1177 -701 .701 

Sand ra] 5 1873 5 1315 +702 

3-Edge 10 10.6 5 1384 5 945 683 .690 

Minnesota 10 5 1467 5 1004 -684 

Sand 10 f 5 1663 5 1199 721 

3-Edge 10 10.7 5 970 5 765 789 +740 

Minnesota 10 | 5 1130 5 803 «711 

Sand 10 5 1287 4 1120 .870 

3-Edge 10 - 10.6 5 905 5 739 817 .829 

Minnesota 10 IS 938 5 749 +799 

3-Edge 10 8.7 4 1468 3 1221 -832 832 

Sand 12 i 5 2202 5 1982 900 } 

3-Edge 12 a 5 1470 5 1337 .910 0.930 

Minnesota 12 [ 5 1493 5 1463 0.980 

} a 

3-Edge 12 9.8 5 1478 ee ERE 1.044 1.044 

3-Edge 15 7.6 4 1792 B 1489 0.831 0.831 

3-Edge 28 5.3 5 3340 5 4005 1.199 1.199 
_ 3-Edge 28 S914 3 1850 3 2133 1.153 1.153 
_-3-Edge 30 II.4 5 1637 5 1588 0.970 0.970 

a Clay Tile 

Sand 4 5 1947 5 2055 1.055 

3-Edge ee 12.3 5 1492 5 1347 0.903 0.976 
. Minnesota 4 5 1408 5 1366 .970 ' 

Sand a.) 5 1957 5 1949 996 

3-Edge 8 12.9 5 1463 5 1284 878 0.920 

Minnesota 8g 5 1418 5 1254 0.884 
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TEST DATA AND DISCUSSION 


Individual tile tests are not shown in this report, but the results 
have been summarized in Table II, while Figure 5, in which the abcis- 
sae are the internal diameter of the tile and ordinates the average 
strength ratios for each tile size, is based on Table II. The heavy hori- 
zontal lines in Figure 5 show the arithmetic average for each bearing, 
4-inch tile being omitted in the average for the sand/three-edge ratio 
and sizes under 14 inches being omitted for the average of the 
sand/Minnesota ratio. The average for the sand/three-edge ratio for 
sizes 6 to 30 inches is 1.49, as determined experimentally, and for the 
sand/Minnesota ratio is 1.31 for sizes 14 to 30 inches. These results 
closely approximate ratios of 3/2 and 4/3 respectively. The results 
of the tests of the 4-inch tile were omitted in the average for the 
sand/three-edge ratio, as the load could not be applied properly to the 
4-inch tile using the sand bearing because the tile pressed into the sand, 
sometimes as much as half its diameter. Sizes below 14-inch were 
omitted in the average of the sand/Minnesota ratio as the tests indicate 
an apparent tendency for this ratio to increase for tile of smaller diam- 
eter and, in any event, the practical application of the Minnesota bear- 
ing is for the larger tile. 


TABLE II 


SUMMARIZED REsuLts OF TEsTS OF 1750 Drain TILE, 6 To 30 INCHES IN Di1AMETER, USING 
Turee DirFeERENT Test BEARINGS 


Breaking strength per lin. ft. Strength ratios 
Diam. Manu-_ Kind of No. of — 
of tile facturer tile tile Bearing Sand Sand 
3-edge Minnesota 


Sand 3-edge Minn. 

in. Ib. lb. Ib. 
4 aL Clay I50 1960.4 1425.6 1400.6 1.375 1.400 
6 ri Clay 138 2490.3 1557.0 1505.7 1.599 1.654 
6 NN Concrete go 1704.5 1107.2 1138.9 1.539 1.497 
6 A Concrete 150 1514.7 1033.9 1058.7 1.465 1.431 
6 Ss Concrete 180 1902.2 1233.4 1260.2 1.542 1.509 
6 B Concrete 54 1410.7 922.5 940.6 1.529 1.500 
Weighted average for 6-in. .... 612 1.534 1.520 
8 iS) Concrete 90 1536.7 1058.9 1107.6 1.451 1.387 
8 NN Concrete 30 1604.5 1030.2 1091.2 1.557 1.470 
8 ag Clay 90 2026.1 1376.3 1366.9 1.472 1.482 
8 B Concrete 33 1506.1 1033.6 1004.9 1.457 1.499 
8 A Concrete 57 1538.5 TOSS /S eeLO7Oss 1.457 1.438 
Weighted average for 8-in..... 300 ; 1.470 1.446 
10 Ss Concrete 90 1823.9 1280.7 1330.1 1.424 1.371 
xe) NN Concrete 30 1431.0 868.0 967.0 1.649 1.480 
10 B Concrete 30 1212.4 822.2 843.6 1.475 1.437 
10 A Concrete 30 = 1780.4 1222.6 1249.9 1.456 1.424 


Weighted average for 10-in. ... 180 } 1.475 1.409 


{ 
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TABLE II—Continued 


: Breakang's strength per lin. ft. Strength ratios 
Diam. Manu-_ Kind of No. of tie See he 
of tile facturer tile tile Bearing Sand Sand 

— 3-edge Minnesota 


[ Sand 3-edge Minn. 
in, Ib. Ib. Ib. 
12 NN Concrete 30 2023.1 1331.3 1374.8 1.520 1.472 
12 A Concrete 30 2092.0 1403.5 1476.3 1.491 1.417 
12 Ss Concrete 87 1762.6 1199.2 1277.2 1.470 1.380 
Weighted average for 12-in. ... 147 1.484 1.406 
14 F Concrete 30 1838.0 1232.4 1423.0 1.491 1.292 
14 Ss Concrete 25 2449.6 1603.5 1754.9 1.528 1.396 
Weighted average for rq-in.... 55 1.508 1.339 
16 F Concrete 30 2133.0 1538.2 1727.8 1.387 1.235 
16 Ss Concrete 30 2203.4 1495.1 1637.0 1.474 1.346 
16 wr: Concrete 27 2458.0 1596.7 1702.0 1.539 1.444 
Weighted average for 16-in. ... 87 1.464 1.338 
20 B Concrete 24 2311.5 1735-8 1954.8 1.332 1.182 
20 F Concrete 2u 2373.0 1529.3 1836.8 1.55 1.292 
20 A) Concrete 2 1673-3 1347.7 1412.9 1.242 1.184 
20 x Concrete 30 1872.5 1457.0 1572.5 1.2 I.191 
20 II Concrete 24 1916.0 1461.3 1558.0 L.3UE 1.230 
Weighted average for 20-in. ...123 1.344 1,215 
24 F Concrete 15 2361.6 1523.2 1714.4 1.550 1.378 
24 Ss Concrete 15 3341.8 2118.4 2572.4 1.578 1.299 
24 B Concrete 15 3396.8 2014.0 2475.2 1.687 1.372 
26 x Concrete 9 2871.3 2101.3 2456.0 1,366 1.169 
Weighted average for 24- and 
PLE. on a eee 54 1.565 1.320 
30 F Concrete 15 5191.2 3706.0 4194.4 1.401 1.238 
30 B Concrete 15 5098.8 3208.8 3609.2 1.589 1.413 
30 Ss Concrete 12 6260.5 3713-5 4703.5 1.686 1.331 
Weighted average for 30-in. ... 42 1.550 1.327 
Arithmetic average of weighted averages for each size, 6 to 30 in......... 1.488 
Arithmetic average of weighted averages for each size, 14 to 30 in........ 1.307 


The average variation from the mean of the tests made in each 
bearing was computed on the basis of weighted averages for each size 
and plant. The results are recorded in Table III. 

_ These experimental data indicate that all three bearings are about 
equally reliable, as any difference is too slight to be of consequence. 
However, for the large tile the difference in favor of the Minnesota 
bearing was somewhat greater than for the average. 

After completing the tests of the 1750 tile, as recorded in Table II 
and plotted in Figure 5, it was decided to follow up this work along 
‘somewhat different lines in order better to analyze the actual relation 
of tests of drain tile made in the three bearings and, if possible, to 
present exact ype siiticn! solutions for each type of bearing, thereby 
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fixing exact reduction ratios. This is the-purpose of the following 
experiments and discussion. 


Bes manoer of eget sss sae 


© Jand/3-edge ratio 
a Sand/Minn. ratio 


Diameter of Tile 


Fig. 5. Comparative Tests of Drain Tile Showing Ratio Between Sand/Three-Edge and 
Sand/Minnesota Bearings 


TABLE III 
AVERAGE VARIATION IN PER CENT FROM THE MEan or TiLeE TESTED IN DIFFERENT BEARINGS 
Sand bearing 3-edge bearing Minnesota bearing 
Diameter ise - 
of No. Weighted No. Weighted No. Weighted 
tile tested average tested average tested average 
Concrete Tile 
in. : per cent per cent per cent 
Ge hilo e one oreteheias 158 9.47 158 8.95 158 8.96 
SOAS Helene vette eintee erate 70 9.34 70 8.95 70 6.65 
FOU sy shiz titavefiry aeiae te 60 9.82 60 LT13 60 10.76 - 
LPN aM naO OA on DOS 49 7.34 49 8.24 49 7.53 
1d. gy ers R Hen: Chk re kn 18 8.70 18 6.04 19 12.29 
TOs me Me dar cr Nyse shacaetyavals teers 29 7.98 29 8.29 29 7.40 
BO Fes eiytacda gs Iairebaeoe ole aks 41 8.27 41 5.96 41 6.99 
DACZO! ay fo sielalavaccterveleaie 18 7.83 18 6.87 18 5.60 
BOS aya rsocaue les cetelorenateeie hs 14 8.18 14 5.49 “14 4.32 
Totalsterrccswetenteesen 457 ene 457 ae 458 tus 
Mean weighted av..... ... 8.94 ae pate) tes 8.28 
ATITDINGHIC JAYe: vacicestie Nake 8.55 one 7.75 an VEE 
Clay Tile 
As rca day actin nl ates ar ote eas 50 10.64 50 10.70 50 11.79 
Go9 Sie altel <Pctia re aterde 46 9.45 46 1.07 46 12.45 
SB tasstasere cen tite wepsieinaice 30 7.09 30 12.05 30 7.67 
MOtalspcraispess-ciste sare Mrsreve 126 AAC 126 diel 126 net 
Mean weighted av.....-... 9.36 res 11.41 we I1.05 
Arithmetic, av, 5.2. s00 9.06 sore T1.50 sot’ 10.64 
Summary 
Grand) "total tse) araiers 583 ae 583 fies 584 
Combined weighted 
AVETALCS | Wats pate casters Sn 9.03 othe 9.14 ioe 8.88 


Combined arithmetic 
AVETABES . essere ee cee 8.68 an 8.69 bos 8.53 
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Deflection of 30-Inch Tile Under Load 


One of the 30-inch concrete tile was loaded under each of the three 
bearings and the deformation of its vertical diameter was measured, 
using three Ames dials reading to 0.001 inch, one being placed at each 
end and one in the center of the 
tile. They were lightly wedged in 
place as shown in Figure 6. This 
tile was of high quality, made on a 
tamping type machine. It was not 
corrugated on the exterior, but was 
slightly barrel shape, because it had 
been manufactured from a very 
plastic mix. The tile was nomi- 
nally 30 inches long with wall 
thickness of 3 inches. Its actual 
average diameter was 30 inches, its 


length 29 inches, and 1ts wall thick- Fig. 6. Ames Dial Used to Measure De- 
ness 3.2 inches. flection in 30-Inch Tile Under Load 


Figure 7 shows the actual deformation, as determined experi- 
mentally, of the vertical diameter of this tile under loads of 1500, 3000, 
and 5000 pounds applied through each of the three bearings. The 
deformation (8) also has been calculated for the three bearings by 
equations 31, 32, and 33, using the value of 6,360,000 pounds per 
square inch as the modulus of elasticity of the concrete. 

In Table IV are compared the actual and theoretical deflections of 
the tile in the three bearings under the 5000-pound load. 


TABLE IV 


Comparison oF AcTuAL AND THEORETICAL DerLecTions oF 30-INCH TiLE 29 INcHES LoNG 
UNDER 5000-Pounp Loap IN DIFFERENT BEARINGS 


Three-edge Minnesota Sand 
bearing bearing bearing 
in. in. in. 
PNCEUALMGEHECEIONS fasicies vcs see cee cs ced Tanleehs) 10.0084 0.0078 0.0074 
Meoretical Geflection 0.0. ec ees eecveees 0.0072 0.0065 0.0059 


A study of Table IV shows that the experimental deflection for 
each bearing when compared with the theoretical deflection gives results 
between 17 and 25 per cent more. This is satisfactory agreement, and 
several factors might easily account for differences as small as these 
and will not be discussed. 

Using the deflection values of Table IV and calculating the three- 
-edge/sand, three-edge/Minnesota, and the Minnesota/sand ratios, as 
determined experimentally, the results are 1.14, 1.08, and 1.05; while 
the ratios as derived theoretically are respectively 1.22, 1.11, and 1.10. 
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The theoretical values agree with the experimental as well as could be 
reasonably expected. 


DEFORMATION OF VERTICAL DIAMETER 
30 INCH DRAIN TILE 


Deformation of vertical diameter, inches 


Total load, pounds 
Fig. 7. Deformation of Vertical Diameter of 30-Inch Drain Tile 


Stresses in Wall of 30-Inch Tile Measured 


Stresses in the wall of the same 30-inch concrete tile that was used 
in the deflection tests were measured by a strain gauge with the tile 
under different loads and in the various bearings. As the unit stresses 
were very low, being limited by the tension in the concrete, it was 
necessary to use a special instrument and an adaptation of the 
Martens [2] compressometer was devised, as shown in Figure 8. 

A and B are pieces of heavy brass fastened to the specimen by two 
screws C and D. The distance between C and D forms the gage line 
length G, about 2 inches in these tests. P is a very short (0.2 inch) 
hard steel pin sharpened to a true point at each end. The rod R is 
attached to the pin and carries a polished stellite mirror, M. A short 
pin attached to B supports R and prevents it from dropping. The pin P 
fits into punch marks in B and A. F carries a fixed mirror that is used 
as standard. Any change AG in the gage length G will rotate the 


mirror M, and for small angles the angle of rotation will be i uh Bee 


scale S is placed a distance L from the mirror and its reflection in the 

mirror is viewed through a transit, T, the crosshair of the transit will 

appear to move a distance, S, along the scale. The angle of rotation 
; : S AGug bass Sw 

of the mirror will be: Therefore We es AG=—- (Equa- 
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AG SW 
Cae, (2LG 
the tests described W was 0.2 inch, L was about 300 inches, G was 2 
inches, and the least reading of the scale was 0.01 inch, so that the least 
: .OIX.2 ; 
deformation that could be read was—— =.0000017 inch or about 
2x300xX2 
two millionths of an inch. Corresponding to a modulus of elasticity of 


tion 1). The unit deformation will be 


(Equation 2). In 


ELEVATION 


Fig. 8. Diagrammatic Sketch of Mirror Compressometer, or Strain Gage 


6,000,000, the unit stresses were measured to about Io pounds per 
square inch. Strain gage measurements, as recorded in Table V, were 
taken at the inner and outer surfaces of the tile, as indicated in Figure 9. 
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Fig. 9. Points on 30-Inch Tile at Which Stresses Were Measured with Tile Under 
Various Loads 


TABLE V 
Srrain-GAGE MEASUREMENTS OF STRESSES AT DIFFERENT PoINTsS IN THE WALLS oF A DRAIN 
Tite 30 INCHES IN DIAMETER AND 29 INCHES IN LENGTH WHEN UNDER 
Various Loaps 1N THREE DIFFERENT TEstT BEARINGS 


Readings on engineer’s scale f 
Total (50 divisions to inch) ou Fiber 
load : Unit stress 
on Ay. of Calculated Reduced deforma- in pipe 
tile I Z, 3 a3 readings to inches tion per sq. in, 
SAND BEARING 
Gage on pipe at 4-B. G=2.00 in. L=290.4 in. 
Ib. in, in. Ib. 
500 f ° a7 _ 0.034 0.0000059 30 
1500 3:3 5.0 .100 .0000172 88 
3000 ". Average of four sets of readings 8.2 10.1 202 -0000348 177 
5000 15.0 16,8 +336 -0000579 295 
6000 18.5 20.2 «404 .0000696 354 


Gage on pipe at 2-B. G=1.93 in. L=295.2 in. 


500 ° ° Co) 1.8 036 -0000063 32 
1500 eri Ce 3.2 5.4 -108 .0000190 97 
3000 10.2 Wek 9.0 10.8 .216 -0000379 193 
5000 17:7 14.7 16.2 18.0 -360 -0000632 322 
6000 21.9 W7e7 19.8 21.6 -432 .0000758 386 


Gage on pipe at 2-C. G=1.98 in. .LL=307.2 in. 


500 to) tee .024 -0000039 20 
1500 1.5 3.5 -070 .OO00II5 59 
3000 ; 4.8 7.0 .140 .0000230 1I7 
5000 Average of five sets of readings 8.4 117 1234 .0000385 Roos 
6000 10.6 14.1 .282 -0000464 236 
8000 17.6 18.8 376 .0000618 . 314 


_ oe a 
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TABLE V—Continued 
Readings on engineer’s scale f£ 
Total (50 divisions to inch) bu Fiber 
load - Unit stress 
on Av. of Calculated Reduced deforma- in pipe 
tile I 2 3 I-3 readings to inches tion per sq. in 
Ib. in. in. Ib. 
Gage on pipe at 2-T. —2.00.ine je=g%2:6° mm, 

500 ° fo) fo) 1.6 +032 .0000051 26 
1500 2.5 2.8 2.7 4.9 .098 .0000157 80 
3000 8.0 7.8 7.9 9.8 -196 .0000313 159 
5000 15.2 14.0 14.6 16.4 328 -0000525 267 
6000 18.9 17.0 18.0 19.6 392 .0000627 319 

Gage on pipe at 8-B. G=1.96 in. L=290.4 in. 

500 fo) 2.4 .048 .0000084 43 
1500 4.0 1 +142 -0000249 127 
go00 \ Average of three sets of readings < 11-4 Gra «284 seo OOKS 2 234 
5000 20.5 23.7 +474 -0000833 42 
6000 (26.1 28.5 570 .OOOI001 509 

Gage on pipe at 6-B. G=2.05 in. L=289.4 in. 

500 ° ° o som .064 .0000108 55 
1500 7.2 7.0 FL 9.7 -194 -0000327 166 
3000 18.0 15.5 16.7 19.3 -386 .0000651 331 
5000 33-3 27.5 30.4 32.2 -644 .0001086 553 
6000 37-8 33.0 35-4 38.6 772 ,0001301 662 

Gage on pipe at 6-C. G=z.09 in. L=300.6 in. 

500 ° oO ° 2% -042 0000067 34 
1500 3-7 4.2 4.0 6.4 .128 -0000204 104 
3000 11.2 10.9 bh tg 12.8 +256 .0000407 207 
5000 20.0 19.0 19.5 21.3 426 .0000678 345 
6000 24.7 22.0 23.4 25.5 .510 .0000812 413 

Gage on pipe at 6-T. G=2.05 in. L=312.6 in. 

500 ta) ° [) BF «054 -0000084 43 
1500 5.0 5.5 5-3 8.1 .162: -0000253 129 
3000 13.2 13.7 13.5 16.1 322 .0000502 255 
5000 24.7 24.0 24.4 26.9 538 .0000840 427 
6000 29.7 29.5 29.6 32.3 .646 .0001008 513 

THREE-EDGE BEARING 
Gage on pipe at 2-C. G=1.98 in. L—=300.6 in. 

500 ° ° ° ° 1.8 .036 .0000060 31 
1500 B57 3-0 4.0 3.6 5.5 «110 -0000185 94 
3000 9.7 8.0 9.0 89 10.9 .218 -0000366 186 
5000 17.2 16.0 16.0 16.4 18.2 +364 .0000612 311 

Gage on pipe at 2-T. G=z2.00 in. L=312.6 in. 

500 (0) ° to) 2.0 -040 -0000064 33 
1500 BaF 5.0 4.4 5.9 .118 -0000189 96 
3000 8.7 10.0 9.3 11.9 .238 .0000381 194 
5000 16.7 19.0 17.8 19.8 -396 -0000633 322 

Gage on pipe at 6-C. G=2.09 in. L=300.6 in. 

500 ° (0) f to) (0) 3.0 .060 .0000096 49 
1500 5.7 6.0 6.5 6.1 9.0 .180 .0000287 146 
3000 .18.7 15.0 16.0 16.6 18.1 -362 -0000576 203 
5000 27.2 27.0 27.0 Zay fees 30.1 .602 -0000958 487 

Gage on pipe at 6-T. G=2.05 in. L=312.6 in. 

500 () te) ° 351 -062 .0000097 49 
1500 6.0 6.2 6.1 9.2 -184 .0000287 145 
j3000 14.2 15.7 15.0 18.3 .366 .0000571 291 
5000 26.4 28.5 27.5 30.6 612 .0000955 486 
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TABLE V—Continued 


Readings on engineer’s scale 


Total (50 divisions to inch) du 
load - Unit 
on Ay. of Calculated Reduced deforma- in pipe , 
tile I 2 3 1-3 r.adings to inches tion per sq. in. , 
Ib. in, in, Ib. - i 
MINNESOTA BEARING ‘ 
Gage on pipe at 2C. G=1.98 in. L=307.2 in. a 
500 Co) o ° Oo 1.5 (030 .0000049 25 ‘ 
1500 4.0 3-7 2.7 355 4.4 .088 «0000145 pi 
3000 8.3 8.5 7.2 8.0 8.7 -174 -0000286 146 
5000 13-3 14.5 Taye 13.7 14.5 .290 -0000477 243 
6000 16.0 15.9 16.0 17.5 +350 -0000575 2903 
Gage on pipe at 2-T. G=2.00 in. L=312.6 in. 
500 ° ° ° ree .042 -0000067 34 
I500 Buy, ERS 3.5 6.2 -124 0000198 IOL 
3000 9.4 9.5 9.5 12.4 .248 .0000397 202 
5000 19.4 137 18.6 20.5 -410 -0000656 334 
6000 23.4 Zoe 22.6 24.6 +492 -0000787 400 
Gage on pipe at 6-T. G=2.05 in. L=312.6 in. 
500 ° ° to) 2.9 .058 -0000091 46 
1500 5.5 6.0 5.8 8.8 -176 -0000275 140 
» 3000 14.0 14.8 14.4 17.7 +354 -0000552 281 
5000 26.2 26.8 26.5 29.5 . iSg0- = .0000921 468 
6000 32.4 32.2 32.4 35-3 0.706 0.0001102 561 
6 = deformation of concrete in gage length du = unit deformation of concrete. 
G = gage length, in. L = distance from mirror to scale, in. 
W = width of moving pin=o.20 in. S = reading of scale, in. 
E = modulus of elasticity (initial) f = fiber stress in concrete. 
= 6,360,000 lb. per sq. in. 
Formulae 
SW 3 3 
pt cL (Eq. 2) f= .8E 6u (Eq. 3) (factor .8 is due to instrument) 


From the data of Table V, the actual fiber stresses were determined 
by Equations (3) and (2) for the different points as recorded in 
Table VI. The factor 0.8 used in Equation (3) is an instrument con- 
stant due to the fact that the deformation of the concrete was not 
measured, by the device used, at the exact surface of the tile but 0.4 
inch from it. 

The calculated scale reading for any load, in Table V, is . 


load oer : Ri 
(ae mae 5! multiplied by the maximum scale reading 


recorded in the column headed “Av. of 1-3.” 


Theoretical fiber stresses where strain gage measurements were taken, __ 
6M : 


42 
L 


when calculated by the modulus of rupture formula f= (Equation 4) 


in which t is the thickness of the tile wall, in inches, and M is the 
bending moment in the wall of the tile expressed in pound-inches per 
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inch of length (as calculated from equations and developed in this 
bulletin) are shown in Table VII and compared with the fiber stresses 
as determined by Equation (3) as shown in Table VI. 


TABLE VI 


Frser Stresses IN WALLS oF 30-INCH PirpE wHEN UNDER A Tota Loap or 5000 PouNDs IN 
TurEE DIFFERENT TEsT BEARINGS 


Data Summarized from Table V 


SAND BEARING 


Location of Fiber stresses at 5000-lb. load 
gage on pipe 
(See Fig. 9) Compression Tension 
4-B 295 
2-B 322 
2-C 196 
2-T 267 
Average : 270 
8-B 424 
6-B 553 
6-C 345 
6-T 427 
Average 437 
THREE-EDGE BEARING 
2C gir 
2-T 322 
Average 316 
6-C 487 
6-T 486 
Average 486 
MINNESOTA BEARING 
2-C 243 
2-T ; 334 
Average 288 
6-T 468 
TABLE VII 


BEenpinc Moment anp Moputus or Rupture CALCULATED For SAND, MINNESOTA, AND 
TurEF-EpGrE BEARINGS 


From 

? Table VI 
Sand bearing, uniform loading |.......... = USA Pre Ade £ = 258 (13) 270 
Sand bearing, parabolic loading ......... = .1655 Pr. = 473 fi= "277 (x9) 270 
Minnesota bearing, uniform loading ...... M = .1682 Pr. = 481 f£ = 283 (18a) 288 
Minnesota bearing, parabolic loading ..... M = .1737 Pr. = 480 f = 280 (24) 288 
Twoedgea'beaving © .i..sscviseuseesvecas . M=.1817 Pr. = 519 £ = 304 (15) 316 

Pe oe = 172.4 (load in lb. per in. of length) 


r = 16.6 in., radius of tile to center line of wall 
t = 3.2 in., thickness of tile wall 
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| a 
Bae 
_ A _ et 
| A_ | 


Mf | | 
Ven | 
yA | | 


Unit Stress, |b. per sq. in. 


4 No. 13 - Initial E = 7 800,000 
x 6B » » = 7350,000 
° 6C » 7 =5 500000 
p 4C » 9 =4900,000 
Average 6,360,000 


0 I C.D ree or EO tn eee, 10. Nee 
Unit Deformation, ten thousandths of an inch. 


Fig. 10. Stress-Strain Curves for Prisms Cut from 30-Inch Drain Tile 


Modulus of Elasticity of Concrete in 30-Inch Tile 


After completing the deflection and stress tests, the 30-inch tile was 
tested to destruction, and prisms roughly 3 x 3 x 6 inches were cut from 
the wall. These were tested in compression in a 100,000 pound Olsen 
testing machine and the stress-strain curve of the prisms was developed 
as shown in Figure 10. By this work the modulus of elasticity (E) 
was found to be 6,360,000 and this is the value used in the calculations. 


Mathematical Theory of Stresses in Pipe 


The problem of the elastic circular pipe is a special case of the prob- 
lem of curved beams and, it is believed, was first analyzed by Dr. E. 
Winkler in 1858 [3]. In this early memoir the circular ring subjected 
to oppositely directed loads at the extremities of a diameter, is con- 
sidered and its analysis is applied to chain links. The analysis also 
appeared in 1867 in the same author’s book “Elasticitatslehre” [4]. 
Todhunter and Pearson [5] summarized Dr. Winkler’s work in 1886 
and apparently gave him credit for priority in the solution of the 
circular ring. So far as known, the first analysis applied to pipe of 


the type of drain tile and culvert pipe was by E. J. Fort and C. W.L. 
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Filkins in 1895 [6]. These men considered the cases of opposed diam- 
etral loading and of uniform-loads distributed over the full width of 
pipe. Fort and Filkins gave credit to J. Resal [7] and A. Madamet [8] 
for having solved the problem of the elastic ring with opposed diametral 
loads. In 1908 A. N. Talbot [9] cited analyses from the thesis of 
W. Slater in which the opposed diametral loading and types of uni- 
formerly distributed loadings were investigated analytically. Modifica- 
tions of the results for thick rings were also given. Finally, in 1913, 
the analyses for uniform loading distributed over various portions of 
the width were given by A. Marston and A. O. Anderson [10]. A 
more exact and rigorous solution for circular rings was indicated in 
1924 by Dr. A. Foppl and Dr. L. Foppl [11]. 

For circular pipe tested in either sand or Minnesota bearings, the 
distribution of pressure is not uniform. When the tile referred to in 
this bulletin were tested, during the summer of 1924, no exact informa- 
tion was available as to the distribution of this pressure, and mathe- 
matical solutions of the sand and the Minnesota bearings were there- 
fore attempted on the assumptions that the distribution was (1) uniform 
and (2) after trial, parabolic. From these two assumptions, equations 
(14), (18), (20), and (21) were developed. Solving these equations, 
however, did not give results that closely checked the experimental 
data. As it was thought that the general principles of the mathematical 
analyses were correct and that enough tile had been tested to establish 
fairly well the accuracy of the experimental data, the indications seemed 
to be that the trouble was in the assumptions made as to pressure 
distribution. The method of measuring this pressure distribution by 
friction strips, as later described, was therefore developed, following 
which, mathematical solutions were made that it is believed more 
accurately represent true conditions than do these first solutions. 


p a 
Opposed Diametral Pe 
Loading Ne oy 
a Three Edge Bearing b 


Sand Bearing Sand Bearing 
(Uniform distribution (Parabolic distribution 
of pressure) m of pressure ) q 


Minnesota Bearing Minnesota Bearing 
(Uniform distribution of (Parabolic distribution 
pressure) e of pressure) f 


Fig. 11. Conditions of Pressure Distribution on Circular Pipe Under Load in the A.S.T.M. 
Standard Bearings for Drain Tile as Assumed Previous to Measuring 
the Distribution by Friction Strips 
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Mathematical Solutions of Stresses in Circular Pipe Based on 
Assumed Pressure Distributions 


The different types of analyses are illustrated in Figure 11. They 
are approximations to the three types of bearing shown in Figures 1, 
3, and 4. In order to explain the method 
of analysis, assume the conditions of load- 
ing illustrated in Figure 11(a); the case 
of opposed diametral loading. If we con- 
sider a vertical and a horizontal axis 
through the center of a pipe, we see im- 
mediately that both are axes of symmetry. 
We can then deal with a single quadrant, 
as shown in Figure 12. 

This quadrant will be held in equi- 
librium by the forces there shown. There 
will be no shear at either A or B because 
if those places were cut there would be no Fig. 12. Forces That Hold a Single 
tendency for the adjacent surface to move 24247ant of Pipe in Equilibrium 
laterally with reference to A or B. This is evident from the symmetry 
of the figure. Also, there can be no axial stress at B as there is no 


; : : P 
other horizontal force acting. We have then a vertical force z3t B, 


an axial force a at A, and moments My, and Mg, at A and B. Call the 


radius of the pipe r and measure angles from the vertical. If we con- 


; : ; P ; 
sider moment M, removed, owing to the action of force er the pipe 


will bend as shown by the dotted lines and the tangent at A will now 
be rotated from its original position by an angle « = 8’. If we havea 
unit moment acting at A, it will produce a deflection which we will 
call 8,. We know, however, from symmetry that the tangent at A 


/ 


: a a 8 ‘ 
remains vertical and so the moment M, must be equal to cage This 


type of analysis holds good for any loading that produces biaxial 
symmetry and therefore produces statical indetermination to the first 
degree. If the pipe is not symmetrically loaded with reference to the 
horizontal axis, only uniaxial symmetry exists. In that case there will 
be two unknowns and we can set up two simultaneous linear equations 
whose solution will give us the unknown quantities. The detailed 
method of this procedure, as well as the general theory of deflection of 
medium thick, moderately curved, beams is outlined on the succeeding 
pages. The general scheme of solution for statically indeterminate 
_ structures here used was originated by Dr. Miiller-Breslau [12], altho, 
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DEFLECTION OF BEAMS 


as before noted, the solution of circular rings had previously been ac- 


(b) 


Fig. 13. Short Section of a Straight Beam Before and After Flexure 


Figure 13(a) represents a short section of a straight beam (of 
length ds) before flexure and Figure 13(b) the same section after 
flexure. Consider a fiber EF, distant z from the neutral surface. After 
flexure, ds = rdé, as the length of the neutral surface is unchanged. 
The new length of EF = (r + z)d6, and its change in length is therefore 


zd6é. Its unit deformation is eS If f is unit fiber stress in EF; M, 


the bending moment, numerically equal to the moment of the other 
external forces or couples about the point considered, but of opposite 
sign ; and I, the moment of inertia about the neutral axis, of the section, 


then, from the common theory of flexure, pee andif E = modulus . 


I 
of elasticity, 


AOE ges Wald aa sy as (5) 
B bdoee eee 7. d0= a5 
ds 


If we wish to find the deflection of a point P, on the beam, in the 
direction PQ, we place a unit load at P acting in the direction PQ. This 


unit load produces a moment (m) in acting upon the segment of beam 


here used. If m is looked upon as a couple of unit arm, the component 
forces will be numerically equal to m and the work done by them in 
Mds 


rotating through the angle dé will be mdé = Fr ™ This must be 


. 
a 
: 


OB oe te feng of tic am, 
ae L Mmds (6) 


| r ca west fo om oat ese S, its deformation 
pet Pree 


2 aE where A is the area of its cross-section. By a line of reason- 


pe Ina similar manner we can show that 


ee. L Vv Nds =. ee eee — 
--8= iA for the shearing stresses, where V = shear at 


ion, v—shear at section due to unit load, N—a section con- 
=12 for rectangular sections, and E;— shearing modulus of 

ity, which is about 0.4E for most materials. The above formulas 
aly to medium-thick straight beams and require modification 
ively thick or unusually thin sections or curved beams. 

curved beams, a term must be added to take into account the 
deflection produced by axial stress. See Statically Indetermi- 


“AEs (9) 
ere p — tadius of curvature of beam.* 

ff the beam is thick in comparison to the radius of curvature, the 
surface will not be at the center of the section, but at some 
; Z, trom the center, toward the concave side. According to 


2 logR, +4 (10) 
z . ae 
| —= thickness of beam and R = intradosal radius. See Strength 


rials, pages 323 et seq. [14]. The variation im stress is no 
linear across the cross-section, even tho the material follows 


PS wees = St tudes as +5. See Maller Bres- 
ae or (sg) i= safScientiy accurate for most cases. 


26 TECHNICAL BULLETIN 52 


herein, this displacement of the neutral surface does not appreciably 
affect the moment of inertia and consequently it does not affect the 
deflection, bending, or moments at any section. It does, however, pro- 
duce a small effect on the unit stresses in the extreme fibers, so that the 
usual linear law of stress variation can not be accurately used. 

Dr. A. Foppl and Dr. L. Féppl [11] have derived this displacement 
of the neutral axis by the more rigorous methods of elasticity and have 
shown agreement with Formula (10) just preceding. They have indi- 
cated the possibility of a rigorous solution for pipe under external loads 
by Airy’s stress functions, but for any case, except the very simplest 
one of uniform external pressure, the process of solution becomes ex- 
tremely involved. 

The 30-inch concrete drain tile in which the stresses were measured 
(pages 14-19) was made of high quality concrete, and Hookes Law [15] 
can be assumed to hold true for such material without appreciable 
error. This is evident from an inspection of Figure 10. For concrete 
of low strength, a considerable deviation from Hookes Law occurs and 
corresponding corrections must be made. 

To summarize, then, the deflection at any point in any given direc- 
tion due to bending, axial stress, and shear is 


po ( oe a L Ssds “i f; VvNds +f, Smds 
Ns AS on ESA o AEp (11) 
and if we have a framework of a number of members, we sum up their 


separate effects. It is possible, also, to add terms for the effects of 
temperature, shrinkage, and yielding supports. 


Application to Statically Indeterminate Structures 


Let X,, Xp, X- - - - Xp be redundant stresses or reactions in a 
structure statically indeterminate to the nt® degree. Let 8,, 5), 8 - - - dn 
be the deflections of the supports, or the relative movement of cut faces 
of members, where a member is assumed cut, the subscripts throughout 
this discussion always referring to the same support or member. 4, will 
be zero for members in general, the exceptions being cases in which 
members or supports permit part of the total deflection or deformation to 
occur without resistance. Let 8’,, 8’, 8’c, - - - 8, be deflections that 
would occur if redundants were removed. Where redundants are re- 
actions the support is removed, and where redundants are stresses the 
members are cut. Since the removal of all redundants renders the 
structure statically determinate, all 8’s can be calculated for a given 
loading. Let 8, be the deflection at “a” due to a unit load at “a”, and 
similarly for the other points, 8,, is the deflection at “r’ due to a unit 
load at “r’” and 8,, is the deflection at “‘r’ due to a unit load at “‘s”. 
In the above discussion “unit load” may mean a unit reaction, a pair 
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of unit axial stresses, a pair of unit shearing stresses, two unit couples, 
etc. With redundant supports a single force or moment is used and 
for redundant members a pair of opposite forces or couples is used. 
All quantities like 3., can be determined, because the redundant. forces 
are not acting. A little study will then show that 


8a = Ne a OS a. Xpdav + PenOae cay AsOan (1) ) 
85 == Oy + X28pa + XpOvp — Xdve ai al - Xndon (2) ( 12) 
8n =— oe + X 40na + Xponp + Xone PS ae oo XnOnn (n) 


Maxwell’s Theorem of reciprocal deflections, which is proved by con- 
sidering the work done at each point, assures us that 8,,=6,,. Note 
that if angular deflection is desired, we use a unit couple and as the 
work done by it in rotating through an angle 8, is I pound x 4, all the 
preceding conclusions remain valid. In (12) we have n independent 
simultaneous equations containing n unknowns and capable of solution. 
We may adopt any conventions of signs we choose, provided they are 
consistent throughout; if any X is negative, we interpret that as mean- 
ing that it acts in an opposite sense to the direction of the corresponding 
unit force. We can now proceed with analyses of each of the bearings 
under various assumptions as to distribution of loading. For con- 
venience of presentation note that all figures are rotated go° from the 
normal position. 


MATHEMATICAL ANALYSES 


Analysis of Sand Bearing, Uniform Distribution of Load 


w= /bs, per in. 
vertical projection 


Fig. 14. Uniform Distribution of Load Fig. 15. Convention of Signs 


Consider pipe fixed at C and free at A; then X is the only redundant. 
Owing to symmetry there will be no shear at A and C and no axial 
stress at C. The forces acting on one quadrant are shown above. 
Angles @ are measured from the +X axis. 
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MS st: (1 — sin @) from A to B and 


iE ; fe ee 2 
== (1 — sin @) _= (2 = sin) from B to C. 


ame Pr2 s a/4 wr? 
feat +* (1 — sin 0) dé — —— 
EIS’, =f Cee ) Ae 2 
( 5 —v2sin 6 + sin? ‘) dé 
= Pre(z aie =) , noting that w = a 
Pa 2 AV 2 4V2 rV2 


and considering only deflection produced by bending moments. 


/ 
Eid. Ve ? do= = 


oO 
I I 3 
xX,=—-—P = = j— — 
r( Bo eye =) 1545 Pr (13) 
Mc = — i — 1687 Pr (14) 


Analysis of Two-Edge Bearing 

Again consider pipe fixed at B Y 
and free at A. 

Taking a quadrant of the pipe, 
owing to symmetry there will be 
no shear at A or B and no axial 
stress at B. 


ee 


co-ordinates, 


B 
M 
Pr 7 Fi 6. Two-Edge Beari 

+—; (1 — sin 6) ig, 26; wo-Edge Bearing 
2 


it 


Pr? i & 7 
Ema le + ==(1 — sin 6) do = +=" (4+ cos 4) ge = 
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e(=—x) 
Mee 2 2 = 8(4— +) — —1817 Ps (15) 
at T 
2 
I I I 
Mp = 4 Pr(2—4)— perm — P= — gay Pr Ge} 


Analysis of Three-Edge Bearing 


If the pipe is not symmetrically loaded with reference to the hori- 
zontal axis, only uniaxial symmetry exists. 

The pipe is divided along its axis of symmetry as shown in the 
figure, and the moment and axial stress at A are considered redundant. 
After flexure, owing to symmetry, the tangent at A must be parallel to 
the tangent at C, and 8, will be zero. 


Fig. 17. Three-Edge Bearing 


Also A will not deflect parallel to the Y axis, and 8, will be zero 
Polar co-ordinates will be used, and the transformation equations are 
x=rcos6,y—rsin 0, ds =r dé (6 is measured from + X axis here). 


A 
M’ pe cin d 

= 2 

B 
= 
E18’, a Celta = 22a 

= 5a Pasty ie yo Van 
i a \it+cos « ae 


Ter us ae a Pa 
ae = 5 sing . r (1+ cos @) rd6+ f news 
~ (1+ cos 6) rd 6 
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3 
=->(-= yee set)? = (6 + sin 6)” 
2 « 
38 Sey) 
== (eee =e («-+ sine ) 


2 
0 = F221 4 cose) <A a aX, + aX 


Ele, 


3 
Hit, =O === is ia tee aes «+ sinc) + 
mr?X, + SatX, 


ow Tea 


; Rar I 2 
sin? oc — > sine + sat? Xy 


Pee a ae 
X, = — —(sin?« — 2—sin« ) = —- 
: 2r ( Fr ) am 2nr? 


ys 2 Bey ayy 2 
a Boe Po EV ee eee) 


Pe a? \ 3/2 aS seas pon 
ae € ae) -+- pee I (17) 


This equation (17) is not susceptible of very much simplification 
even when the usual value of 1% inch is substituted for “a”. For 
large tile the difference in moments between two-edge and three-edge 
bearings is negligible, and for small tile (12 inches in diameter or less) 
the effect of the double lower bearing must be separately evaluated for 
each size of tile. As an indication of the magnitude of this difference, 
for 6-inch tile, 0.6 inch wall thickness, the maximum moment in the 
three-edge bearing is 28 per cent less than the corresponding moment 
for two-edge bearings. 
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Analysis of Minnesota Bearing, Uniform Distribution of Pressure 


we/bs. per in. pertical } 
projection 


; Minnesota Bearing—Uniform Distribution of Pressure 


Taking half the pine, owing to symmetry there will be no shear at 
A or B. 


1 
WO sa a, 
TN) 2 
B 
Ve a eg 
i 2 


Cc — 2 
M’ 6 (22 — sine) 
a B 2 2 


; 2 es 
BIN, = {5 — Ssinorao— § 3/45 (5 — Vain d+ sin?) rd 6 
Oo ea O 2 


2 
3 
et)” (GS +V2e0s0+5—7 sin 20) 7/4 
2 oO 2 + O 
er? wr 7 T I == 
33 orm eee) 


I I 7 3 
— — Pr? a |) Se a Se = ean 
; fect s5 7) ‘ (Gracias) 
2, 
EIS, = ("sino (1 + cos 6) eh 
ro) Zz oO 2 zB 
| V2 sin 6 + sin? 6) (1 + cos 6) r?d6 
= [7 —FGin 6+ sin @ cos) dé 
oO 
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a/4 wt* (1 
0 2uNee 
—/2 sin 6 cos 6 + sin? 6 cos 6 dd 
3 242 
ee Sey eee. fo £4 y/2cos0-4+5 
2 2 0 


32 
os 6 


eind A 1 


sin 6 > sin? 
ae i 


I 
—— sin2 6 
7 5 


Fu | 7) se 


4 eae 
vei 3 wr 7 es! 
=a 2 cae 3?) 


NS) 3 
eas ee (ES 5 
EN eye) Oe (gee ae aus 


2A Coe e ume Rens 
x (See tee) + .3054 Pr 
Mc, = — .1815 Pr 


My = +1682 Pr 
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Analysis of Sand Bearing, 
Parabolic Distribution 
of Pressure 
Taking a quadrant, as before, 


owing to symmetry there will be 
no shear at A or B and no axial 
at B. 

The equation of 2: »°-7bola 
referred to its vert- 
y? = cx when or f 
in Fig. 19. Ins 77 x, let us 


write p intensit ue sssure, and Fig. 19. Sand Bearing—Parabolic Distribution 
f i of Pressure 


note that wher * m V2,p=0 
or x =¢—p= 4, where ¢ is the maximum intensity of pressure. 


r? 2 
5 =e (9) ore =o y= 5 ($ 
BY 


2h - =¢—porp=¢ ( Pics ) is the equation of pressure dis- 


tribution. This may also be written, since ae sin 6, 


p= ¢ (1 —2sin? 6) 


The area of the pressure diagram a => ¢ : o.— \/2 or 
i 3V2P. Thus p= 3V2P (1 — - 2 sin? 6) 
ae gow 


MW’ ale (1 — sin 6) from ri Sand (dy =r cos 6 dé) 
B p 
M’ Ssh (1 — sin @) — (744 (sin 6, — sin 6) 1? cos 6, d6, 
atts — sin 0) — pee: (1 —2 sin? 6,) 
a 
(sin Der sin 6) cos 6, dé, 
Ieae Fs aV/2 a/4 “ F 
=—(1 — sin@) — 2V-Pr (sin 6, cos 6, —sin 6 cos 0 
2 4 6 ‘ 


—2 sin 6, cos 0, + 2 sin 6, cos 6, sin 0) dé, 


4 
Sr sin 6) pee (5 ae in 6 4 sin? = oe) 


fromoto = 
4 
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: a/2 Pr? t/4 3/2 tT =i 
Els, =" (1 — sin 6) dé — 3V2 pe v2 
0 Care 3 


4 
ay ee sin’ sia “Yaa 


6 


eae I 15Vv2 sv?) 

X,=—#s=_pr(2 38 8 = — .1655 Pr (19) 
ia 2\ PF 2 2 

Mis x, + (24 JE ]=-P(% ee ) 


—— 20200 (20) 


Fig. 20. Minnesota Bearing—Parabolic Distribution of Pressure 


From the analysis for sand bearing, paSvek -(I —2 sin? 6) 


M’ DLE ae 6 from 7 to— and 
2 4 


ey es 3iN/ 2 ptf eae sin? @ _ sint 6 
eres SU Cas 8 ae in § —-——— ee 


from 7 too 
4 
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ED, = +f * M’mads Meee tip (1 -+- cos. 7) rds = rd. 


= (psn do+ (7/4 3V2 p, (4- 


4 
sin? °@ sin *) ag 


v2 sin 6 + 


2 6 
ee sil a) 
ie FC, tag t 128 
EI8’, =. Lee 6(1-+ cos 0) dé a sve (4 
OO. 2 ra) 4 8 
Wie Sintd _ Sint @ ) (x + 00 8) ao 
x a 


6 
ey er 21 ay/ 2. | 7 
2X20." 8 128 
Ely = f* red sa f 7 (1 40056)? 1 do = Ser" 


Pe £1. — Af "2 (1 +008 8) dé = + a1 


El8ua = {7 rds = af 


os ae 2 rv 2 
Mie, = = (1 eo? a v2) + wr?X, + arX, 


2 8 128 
4 ee BN lore Vt vase 2 
o> — (oe 8 a 128 2) 4 3erX, + aK, 
Solving these two simultaneous equations, 
x es 4 V2 1 15V2) + 3205 Pr (21) 
1 Ree ol P (22) 
p=+ Bee OF 
Mz = —.2006 Pr (23) 


Mp = + .1737 Pr (24) 
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Stresses Due to Own Weight, Two-Edge Bearing 


wds=wrd@ 


Fig. 21. Stresses Due to Own Weight—Two-Edge Bearing 
W = weight of tile 
w = weight per unit of circumference 
W 


Zari 


M’ ={7- wr? (sin 6 — sin 6’) d6 


=(72 (sin 6’ — sin 6) dé 


—“ (1 + 6sin 6 + cos 6 — wsin 6) 


m,=-+1 mp, = — r (1 + cos @) 


EI9’, = (7 SE (Hasin 6-414 6sin 6+ cos 6) d= 0 


r 
Ele; = aus sn be (w sin 6 — 1 — 6 sin @ — cos @) (1 + cos @) do = 
Elon. ales E18, = — I? 
EJ8;; — ce 
2 
EI8, =o =o0-+4 arX, — ar?X, 
2 
6 oS eee 
8 2 
Solving these two simultaneous equations, 
Wr 
Sa a ea + .0795 Wr (25) 


be Re = +0795 W au (26) 


\ 
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Wr 
3 = = .2385 Wr (27) 


ge Nes 
This is 3/4 of the moment produced by opposed diametral loads P. 


Stresses Due to Own Weight, Sand and Minnesota Bearings 


Xp No 
Fig. 22. Stresses Due to Own Weight, Sand and Minnesota Bearings 
W = weight of tile 
w = weight per unit of circumference 


w’ = unit pressure on lower bearing 


Soul 
- 2nr 
w’ 3V2 W ——(1I — 2sin?6) (assuming parabolic distribution ) 
at 


(see p. 34.) 


m= fj (sin 6 — sin 6’) rao’ | fafa ae 


— (sin 6’ — sin 6)-rd6’ | mid 
fo) 
es — (sin 6 — sin 6’) aw'| ee Ve Wr fie 
2a re) 4 / 6 
— (1 — 2sin? 6’) (sin 6’ — sin 6) aw | m4 
ce) 
Wr e . 7 3\/2 
=—(— rsiné+1- 6sin 6+ cos @) 4+ 2V* Wr 
27 @) 4 
v2 “ i Ed 3 Ve 
(—¥2 4 Esing + Leos 0 k 


m,=+1 m, = — r (1+ cos 8) 
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; 
Ely, = (7 M'mds= ("22 ¢ sin @ — 1 — @ sin 6 — cos 6) d6 
10) (G). <8 


+4" 3V2 Wr (22-2 sin 6 ——cos? a) 
0) 4 3 2 3 


I — ' 
Seine (3+ 5-3v2)= 0291 Wr? 

1B yy she M’m,ds = fe Wen sin 6 — 1 — 6 sin @ — cos 6) 

Oo 0 2n 
5; es a 
(1 + cos 6) dé +f 4 3V2 wre (2 
0 4 5 
—<sin 6 so st ‘) (1 + cos 6) dé 


aia fa ag dr OVS rye ee 
=we (+2 = rv? ) = 0675 Wr 


3 


Eli. 71,  El8,=El8.=ar, El3, =2 ar, 
o = — .o2g1 Wr? + arX, — wt? Xy 
Oo 0675 Wr? — 717 Xs, +- Sar'X, 
Solving these two simultaneous equations, 
X, = + .0707 Wr (28) 
X, = + .0614 W (29) 
Mc = — .1197 Wr (30) 


Deformation of Vertical Diameter 
Two-Edge Bearing 


sind 1 
Mss sh a eee 
2 T 

Fig. 23. Deformation of Vertical 


Diameter—Two-Edge Bearing 


ANALYSES OF DRAIN TILE TESTING 


39 
eee ine. pene le =)=3 
2 2 Tr 2 2 7 T 
ee cee ee 
2 2 
oe 4.) (2 -:) 
4 Oo I 2 7 2 7 
1/2 Pr sin? 6 dpe arr sc0s* 0 
+f" BOGS aa ree 
eereg em -. 2 Bei -or 2 
Bh="-(4-2)+ at a) (31) 
ptt SS ee Vvds 
ier a —) 4kA J -EA 


Assuming E, = .4E or » (Poisson’s number) = 4 


Deformation of Vertical Diameter 
Sand Bearing 


(See Figure 19.) 


=2¥= — 3x pe i a )isom A to C, and 
I 1 2 


M = Pr (5X2 3V? tain 6) —3V2 py (Z—-YZsino + 


int 
eer 73 ) irom tors 
P. 3 
N =sFsin 6 from A to C, and 


N == sino -2 Ve (sine — sin? 6 +2sint irom CtoB 


V= x cos 6 from A to C and 


Pp 2 A 
a eee 6 ae ie: (22 evs 6 —sin 6 ae sin? 6 cos 0) 
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108486 
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m, n, and v are the same as for Two-edge Bearing 


I _ (7/2 Mmds 4 Eee N(n + m/r)ds ee 3Vvds 
Peau = I + fe) A 5 o A 


Substituting the quantities above for M, N and V and integrating be- 
tween the proper limits, we get, 


Bh = (44 222 3V2 23) Bs 2 (22 


ae was 
7) (32) 


Deformation of Vertical Diameter 
Minnesota Bearing 


(See Figure 20.) 


yas Oma sv?) 
x,=Pr(- ae Tha 256 


Mm = pr( 284 — a ee 3Y2 | 15V2 )irom 00 be (A to C) 


20m 167 256 
tek cos@ sind I oe sve) 3V2 Hig 
wae 207 Zoe on 250 a eee Pea 
= 4 
in 6 + ee _* ‘)irom Cto B 


N a a 6 — eS es 6 from A to Cand 
2 207 


N =—sin 6 — —-cos 6 
2 207 


uae E -2 E (2 sine — sin? 6 + 


5 sins a) ieom CtoB 
V Jolt cos 6 tne dey from A to C and 
2 207 
Ves =~ cos 6 + —sind 32 p (V2 cos 6 — sin cos + 
= sin’ 6 cos 6 ) irom CtoB 


m, n and v are the same as before, for Sand and Two-edge Bearing 


os 
ne) 
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= M mds a N(n + m/r)ds ™3Vvds 
oO ahs A oe A 


Substituting the above quantities in the last equation and integrating 


I 
ois = 


between the proper limits, we get, 


{S24 2 3V2 a (= 23 


Bot Wi6 x to20,. 8s 120 


eave 2 I + 3v2) (43) 


PRESSURE DISTRIBUTION ON CIRCULAR PIPE UNDER 
LOAD IN SAND BEARINGS AS MEASURED 
BY FRICTION STRIPS 


The method here used to determine the distribution of pressure in 
the sand bearings is described in detail in the 1926 Proceedings of the 
American Society for Testing Materials [17] and is based on a well 
known law of physics that for specific materials the initial force 
required to overcome static friction is proportional to the load. This 
law of physics was applied, in this work, by measuring, in pounds, the 
starting pull required to move steel strips laid between pieces of 10- 
ounce canvas placed between the sand of the bearings and the outer 
circumference of a circular pipe of 26 inches outside diameter. (See 


Fig. 24.) 


Fig. 24. Steel Strips in Place as Used in Determining the Pressure Distribution in the 


a > a _ Lower Bearing of the A.S.T.M. Standard Sand Bearing 
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In the studies made with this pipe, 15 steel strips 5/16 inch in 
width and 1/64 inch thick were used. It was found in all cases that in 
order to obtain consistent results it was necessary that the area between 
the strips be covered as nearly as possible by auxiliary strips of the 
same thickness as those pulled, else when the sand became compacted 
beyond a certain degree the strips took a proportion of the load in 
excess of that calculated for their combined areas. 

The pull, in pounds, on each strip was measured by means of a 
spring balance working through a lever arm with a 1:5 ratio. By 
using the lever arm rather than pulling direct, it was possible to control 
the tendency of a strip to jump an inch or two when started, while a 
single strip could in this way be started and the scale consistently read 
as many as thirty times without more than a slight displacement of 
the strip. 

The 15 strips were equally 
spaced, as indicated in Figure 
25. with reference to the 17- 
inch chord, 11/16 inch center 
to center. The two end strips, 
however, were 11/16 inch 
from the extremities of this 
chord so that the actual area, 
on the cord, represented by 
each end strip is 50 per cent 
in excess of the other strips. 
The load on this excess area, 
coming as it does at the edge 
of the sand, was too small to 
measure and in the calcula- 
tions has been neglected. 

In Tables VIII and IX, in es 
the third line of each loading Fig. 25. Position of 5/16-Inch Steel Strips for 


: : Measuring the Distribution of Pressure at 
under the various bedding the Top and Bottom Sand Bearings 


conditions, are recorded, as The strips are equally spaced with reference to the 
calculated from the pull on ye oe can’ 

the strips, the actual load reduced to loads on sections, corresponding 
to respective strips, per linear inch of tile. These are the data upon 
which the graphs of Figures 26 and 27 are based, the loads being re- 
duced, in the figures, to pressure in pounds per square inch. Note that 
this pressure is with reference to the horizontal projection of the quad- 
rant of the pipe in contact with the sand as represented by the 17-inch 
cord of Figure 25. 
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Fig. 26. Effect of Variation of Moisture Content of Sand and Compactness upon the 
Distribution of Pressure in the Lower Sand Bearing of a 22-Inch Tile 
Under Loads of 1680, 2500, and 3500 Pounds per Linear Foot 


Some of the significant points developed by these studies, with fric- 
tion strips, of bedding conditions are as follows: 

1. For each of the three beddings, dry sand is the least satisfactory, 
as in all cases the concentration of loading has been greatest with 
dry sand. 

2. The quantity of moisture in moist sand seems not to be of great 
importance altho perhaps the most consistent results were obtained 
with a moisture content of 5 per cent. 

3. Loose sand is preferable to any degree of compactness, altho in 
no case is the pressure distribution uniform. 

4. Pressure distribution in the top bearing of the A.S.T.M. standard 
sand bearing, while not uniform, is more nearly so under most conditions 
than in the bottom bearing. 
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Fig. 27.. Effect of Variation of Moisture Content of Sand upon the Distribution of Pressure 


in the: Upper Sand Bearing of a 22-Inch Tile Under Loads of 1680, 
2500, and 3500 Pounds per Linear Foot 


MATHEMATICAL SOLUTIONS OF STRESSES IN PIPE 
UNDER LOADINGS MEASURED BY 
FRICTION STRIPS 


Figure 28 is a half-section of the center of wall of pipe being tested. 
Loads are assumed concentrated at center of wall thickness and center 
of strips as well. Loads are applied at points 44, 1%, etc. to 7% at 
the center of each strip as shown in Figures 25 and 28. Right end 
(upper bearing) is assumed free; X, being the unknown moment and 

- X, the unknown normal component to be found. We may proceed by 
summation from D to C, thence by integration from C to B, and again 
by summation from B to A. 

Table X gives values of ds for each section and method of calculation. 


TABLE X 
VALUES OF DS 
Section : Section 
(upper bearing) Sin « o o (radians) arc =ds_ (lower bearing) 

4 -08854 Che ete .08872 1.065 4 
3% -17708 roo 12" .17802 1.072 3% 
3 .26562 15° 24’ re .26878 1.089 3 
2, +35417 20° 44.5’ .36211 T.119 24 
2 144271 263.17" 45873 1.159 2 
iy _ 653125 32° 05" +55996 1.216 1% 
I -61979 38° 18’ .66847 1.302 I 

Y -70833 45° 06’ 78715 1.424 Y 


Table XI gives horizontal projections of midpoints of section from 
right end. 

Table XII gives 3M’ds for upper bearing, dry sand, using 3500 
pounds total load and considering 1 inch length of pipe for convenience 
in calculation. Column P gives the concentrated loads taken from 
Table VIII. Column M’ (moments at midsection) is arrived at by 

i. taking I, 3, 5, 7, etc., multiples of preceding values of P respectively ; 
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Fig. 28. Actual Loads on Pipe—Sand Bearing 


, the length of one half-section, being omitted as a common 


1.0625 


multiple of all values of M’ while ds is taken from Table X. 


TABLE XI 
HorizontTat Proyection, Mip Pornt or SEcTIONS 
Horiz. proj. 
Section Sin x oc Vers « from right end (x) 
Upper Bearing 
4 .04427 Ze 30! -00098 .or18 
3% -13281 7° 38’ .00886 -1063 
3 +22135 i2° aye .02481 +2977 
24 -30990 Se 33 -04923 -5908 
2 +39844 23°. 20" .08284 -9941 
1% .48608 20ymiGe .12657 1.5188 
I ST E5e Bere. -18221 2.1865 
y% .66406 Bie aye +25233 3.0280 
Lower Bearing 
VY 20.9720 
I 21.8135 
1y% 22.4812 
2 23.0059 
2 23.4092 
3 23.7023 
3% 23.8937 
4 23.9882 


The next step required the integration of M’ds from C to B and 
for this the resultant of forces acting on half the upper bearing is 


found. 
B 
Table XIII is that part of = M’ds which is due to the resultant 
A 


force on the upper bearing. Since 145.83 (the resultant force on I 
inch length of upper bearing) would be a common factor of all the 
terms of this summation, it can be temporarily omitted. The summa- ~ 
tion would then consist solely of values of ds multiplied by their re- 


spective lever arms, and the result would then be multiplied by 145.83. ~ 
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A 
to obtain S M’'ds. 
B 


Table XIV is the remainder of % M'ds, and is due to forces acting 


on lower quadrant. This is obtained in a manner analogous to 
Table XII. 


D 
Table XV is for the purpose of obtaining } M’x ds. M’ is taken 
G 


from the last column of Table XII and x from Table XI. 


TABLE XII 


Urrer Brarinc, Dry Sanv, Toran Loap 3500 Pounps (Tasre IX anp Fic. 27) anno USING 
1-IncH LenctuH oF Tite. M’ps 


Section 2 M’ ds M’'ds 
4 19.56 19.56 1.065 21 
3% 29.07 88.65 1.072 93 
3 27.60 215.31 1.089 235 
2% 21.74 391.31 1.119 438 
2 14.62 603.67 1.159 700 
1% 10.78 841.43 1.216 1022 
I 10.05 1100.02 1.302 1432 

y TI.51 1380.17 1.424 1966 
145.83 5907 


B 
Table XVI gives that part of 3 M’x ds due to resultant force on 


upper bearing; M’ being taken from the last column of Table XIII. 


B 
Table XVII gives the remainder of % M’'ds, due to forces acting 


A 
on lower bearing. The M’ column is taken from Table XIV. 

The values of EI8,, etc., have been developed under the previous 
analysis of the Minnesota bearing and need not be repeated here. Equa- 
analysis of the Minnesota bearing and need not be repeated here. 
Equation (34) is —8’,= X. 8a. + Xy 8 and Eq. (35) is —8, = 
Xa Spa + Xy Sy»; the derivation of these equations having been previ- 
ously explained. (See p. 27.) Solving, we get the value of X, = 758.6; 
this being the moment in inch-pounds for one-inch length of pipe, at 
the top. Let M = KPr, where P is total load on pipe, and r is radius 
of middle of wall; K being an undetermined coefficient, then 758.6 < 
12=M; P=3500 and r=12. Solving for K we get 


et 500. Te 
“Pr 3500 X 12 


By solving X, and taking moments at A we can find My, and also K 
oat point A. 


Sei.27 (36) 


54 TECHNICAL BULLETIN 52 


In a similar manner, the values of K for the case where the lower 
bearing is type 1(c) are obtained; the only changes necessary being 
in. Tables XIV and XVII, which are replaced by Tables XVIII and 


XIX. 


For the Minnesota bearing (Fig. 4), the entire force exerted upon 
the upper bearing is concentrated at the top and we may evaluate its 
effect by a single integration from D to A and add to that the effect 
of the lower bearing already evaluated in Tables XIV, XVII, XVIII, 


and XIX. 


D I 
=) Ml ds'== 5007 >< 
G 


Resultant of above forces acts 
(29.97 X 1 + 27.60 X 2 etc.) 
145.83 


ee M'rd9 = a Dip Sand 
Tv 


0625 
2 


== 3738 


= 2.77" above base. 


2.77) rd 


canes 145.83 § 37/4 (12 sind — 2.77) dé 


=.1750 [— 12. cos@ — 2.77 0 


TABLE XIIt 


BeppinG 3(a), Dry Compact SAnpD, Taste VIII anp Ficure 26 


] ie = 22084 


B 
ies for Upper Bearing 


Lever arm X ds 


Section Lever arm ds 
oe 
yy 5.20 1.424 7.405 
I 4.14 1.302 5-390 
1% 3-07 1.216 3.733 
2 2.01 1.159 2.330 
2% 95 I.119 1.063 
3 — .1I 1.089 
3% —1.18 1.072 
— 2.24 1.065 
19.921 
— 3.881 
16.040 


16.040 X 145.83 = 2339 


-120 


1.375 
2.386 


3.881 
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TABLE XIV 
Section 12 MW’ ds M’'ds 
A 1.94 1.94 1.302 25 
7 5.00 10.82 1.216 13.2 
1% 9.13 33-83 1.159 39.2 
2 10.58 76.55 1.119 85.7 
2 15.27 145.12 1.089 158.0 
E{ 28.11 257.07 1.072 275.6 
3% 47.71 444.84 1.065 473-8 
1048.0 
.0625 
1048 X > = 557 
EI8’, = 3M'ds = 3138 + 22084 + 2339 + 557 = 28118 
EI98’, = 3M’xds (where x = horizontal projection of mid point 
= SM’r vers6 rdé of section from right end. ) 
TABLE XV 
u Upper BEARING 
Section M’ x M’x 
4 21 .o118 ° 
3% 93 -1063 10 
3 235 +2977 70 
2% 438 -5908 259 
2 700 i 9941 : 696 
1% 1022 1.519 1552 
I 1432 2.187 3132 
% 1966 3.028 5953 
11672 X 2.0625 = 6201 
TABLE XVI 
Lower BEARING 
M’x 
Section M’ x + me 
y% 7.405 20.972 155.3 
I _ 5-390 21.813 117.6 
1% 3-733 22.481 83.9 
2 2.330 23.006 53.6 
2% 1.063 23.409 24.9 
3 — .120 23.702 2.8 
3% —1.375 23.894 32.9 
4 —2.386 23.988 57.2 
435.3 92.9 
— 92.9 
342.4 


342.4 X 145.83 = 49932 
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fous 83 (12 sind — 2.77) (1 — cos6) r2d6 
Tv, 
= TAG 263 3X ZA ev hae sind — 2.77 — 12 sin@ cosé + 2.77 cos6) dé 
US 


= 42000 [ 12V2 ei 265007 


TABLE XVII 

Section M’ x M’x 
y, o 20.972 ° 

a 2.5 21.813 55 
1% 13.2 22.481 207 

2 39.2 23.006 9c2 
24 85.7 23.409 2006 

3 158.0 23.702 3745 
3% 275.6 23.894 5585 

4 473.8 23.988 11366 


20625) = 
24956 x= 13258 


EI8,’ = 6201 + 265007 +-.49932 + 13258 = 334,598 

E18,4 === 7t == 37.70. Ed.) = Ele; = ar eae 
rr? 

Eloy; = — = 'Si43 


28118 = 37.7 Xa + 452.4 Xp (34) 
334527 = 452.4 Xa +8143 X%, -) See 
: ; 8143 
506124 = 678.6 X. + 8143 Xy [ Eq. 34 X Sea (352) 
171507 == 220.205 (Ea 35a—Eq. 35) 
ae URES Ome 
XS 750.0 I few om 217 (36) 
452.4 Xp = 28118 — 37.7 (758.6) 
A8I 
eee = — 1.06 
ae SOT (37) 


Ma = 758.6 — 24 (—1.06) + (145.83 X 2.77) 
— (1.94 X 7 + 5.00 X 6 etc.) 


= 758.6 + 25.4 + 403.9 — 281.3 = 906.6 (38) 
E9060 = : 
sea (39) 


fms . 
Pe 
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TABLE XVIII 
Uprer Beartnc, Dry Sanp, Lower Brarinec 1(c) Taste VIII anv Ficure 26, LoosE Sanp 
CONTAINING 5 PER Cent Moisture 


Section Pe M’ ds M’'ds 
y% 6.61 6.61 1.302 8.6 
I 10.16 30.09 1.216 36.6 
1% 14.06 77.59 1.159 89.9 
2 19.65 158.90 1.119 177.8 
24 28.45 288.31 1.089 314.0 
3 25.24 472.41 1.072 506.4 
3% 28.79 708.54 1.065 754.6 
MEET 8 J arsiscs | | kee Ow 
1887.9 

1887.9 X 1.0825 = 1003 


E18’, = 3138 + 22084 + 2339 -+ 1003 = 28564 
Note: EIé’, is calculated from values in Tables XII, XIII, and XVIII. 


TABLE XIX 
Section M’ x M’x 
A 0 20.972 ° 
I 8.6 21.813 188 
1% 36.6 22.481 823 
2 89.9 23.006 2068 
2% 177.8 23.409 4162 
3 314.0 23.702 7442 
3% 506.4 23.804 12100 
4 754.6 23.988 18101 
44884 
1.062 
44884 X es 23845 


E16", = 6201 + 265007 + 49932 + 23845 = 340114 
Note: EI9’, is calculated from values in Tables XV, XVI, and XIX. 


28564 = 37.70 X, + 452.4 Xp 
344985 = 452.4 X,.-+ 8143 Xp 
514152 — 678.6 X, + 8143 X, 


TOQ167\—= 226.2 X, 


31 7479) 
K Reel 214 (40) 


28564 — (747.9 X 37.70) 368 
HB 
x 452.4 Enos (41) 


Ma, = 747.9 — 24 (.81) + 403.9 — (6.61 X 7, etc.) 
= 747-9 — 19.5 + 403.9 — 420.8 = 711.5 (42) 


Xa = 747-9 
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= yltee 
C= Fe == 7203 : (43) 


Minnesota Bearing—Bedding 3(a), Table VIII and Figure 26 
es 145.83 (r sind) rdé = 21000 [ —cos6] ay = 42000 
From Table XIV, 557 must be added or EI8’, = 42557 
/2 
ie - 145.83 (r sind) (1 — cosé) r?d@d = 252000 f 7/7 


(sin@ — sin@ cos6) dé 
sin?6 ] 7/2 
2 


0 


= 252000 — cosé — = 504000 


From Table XVII, 13258 must be added or EI8’, = 517258 
42557 = 37-7 Xa + 452.4 Xp 
517258 = 452.4 Xa + 8143 X, 
766026 = 678.6 X, + 8143 Xy 


248768 = 220.2 X, or Xq == 1006 (44) 
— ie = 313 | (45) 

es! “7 LOIS cee oy 

Ma = 1096 — 24(2.74) — 281.3 == 749 (46) 

K= 73 = 214 (47) 


Bedding 1(c), Table VIII and Figure 26 
EI8’, =43003 ~ and EJs; = 527845 
Note: E18’, and E18’, were calculated from values in Tables XVIII, 

XIX, and Minnesota Bearing — Lower Bearing 3(a). 

43003 = 37.7 Xa + 452.4 Xp 

527845 = 452-4 Xa + 8143 X, 

774054 = 678.6 X. + 8143 Xp 

246209 = 226.2 Xa 

X, = 1088 (48) 

Sieh: . (49) 
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x, — 43003 = 37:7 x 1088 
— 


452-4 = + 4.39 
M, = 1088 — 24 (4.39) — 420.8 = 562 (50) 
562 
Sel ees et 
Pecos == 161 (51) 


STRENGTH RATIOS OF DIFFERENT BEARINGS 


The results obtained by these mathematical solutions of stresses in 
pipes, under the loadings measured by friction strips, may be readily 
correlated with the strength tests of Table II and Figure 5 if it is kept 
in mind that the breaking load, for any given pressure distribution, is 
in proportion to the moment M, while for different pressure distribu- 
tions the breaking load is inversely proportional to the value of the 
coefficient K. Therefore the Sand/Minnesota bearing ratio (of break- 
ing loads) is equal to ri 1.46 by comparing Figures 29(C) and 


29(B) and is equal to aco 1.20 by comparing Figures 29(D) and 


29(A). By the use of moist, loose sand in the lower bearing and dry 


; : ‘ Ue ‘ 
sand in the upper bearing the ratio becomes a = 1.45 when Figures 


29(D) and 29(B) are compared. 
The bearing conditions considered are extremes, and a pressure 


distribution between these extremes more nearly represents the condi- 
tions under which the tile tests were made as recorded in Table II. As 
a matter of fact, the mean of 1.46 and 1.20 is 1.33, which is very closely 
in agreement with the experimental value of 1.31 for the strength ratios 
as shown in Figure 5, for tile sizes 14 to 30 inches inclusive. 

It will be noted that with the Minnesota bearing the maximum 
moment comes under the top bearing and the value of this moment 
changes very slightly under the extreme bedding conditions considered, 


the actual change being a3 = 1.006, or less than I per cent. This 


indicates that extreme care in bedding the tile is not necessary for an 
accurate test with the Minnesota bearing. With the sand bearing, under 
extreme bottom bedding conditions, shown in (A) and (B) of Fig. 29, 
the moment varies from a maximum at the bottom in one case to a 
259 
214 
= 1.210, or 21 per cent. It is evident from this that not only must 
some definite condition of bedding be specified, but also that extreme 
care must be used in bedding the tile if uniform test results are to be 
obtained with the sand bearings. As a consequence, it appears that the 


maximum at the top in the second case, the actual difference being 
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Minnesota bearing is more suitable for routine tile testing than is the 
standard sand bearing. 


SAND 
BEARING 


Pi MINNESOTA ale 
BEARING 


N«W 6 


Nii 


Fig. 29. Values of the Coefficient K, as Developed Mathematically, for Calculating, by the 
Equation M = KPr, the Moments for Load Distributions as Shown at 
Top and Bottom of Circular Pipe 


For the same external load P, the moments at the uppermost point 
of tile in the three-edge bearings, as indicated by Equation (16), is 
very nearly the same as for tile in the Minnesota bearings, as indicated 
by Equations (45) and (49). At first thought this appears inconsistent 
in view of the different load-supporting strengths, as determined ex- 
perimentally and illustrated in Figure 5, but can, at least in part, be 
accounted for as follows: (1) The moment due to own weight of tile 
differs greatly for the two bearings as it is 0.2385 Wr (27) for the ~ 
two-edge bearing and 0.0707 Wr (28) for the Minnesota bearing, 
assuming parabolic distribution of pressure. Thus tile in the three- 
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edge bearing start the test under handicap and consequently break 
under a smaller superimposed bending moment. This weight is negligi- 
ble for small tile but becomes large for large tile. This is no doubt 
one factor that caused the apparent tendency of the sand/Minnesota 
ratio to decrease with the size of tile, as evidenced by Figure 5. In 
the main body of these tests there is some doubt as to the proper value 
of moment caused by own Weight of tile, because the distribution of 
pressure had not been analyzed at the time the tests were made. There 
is, aS a consequence, no way to correct the data for moment due to 
own weight. Such a correction applied to the 22-inch tile explains part 
of this discrepancy, but not all of it. (2) Another difference, and one 
which can not be quantitatively evaluated, is that for tile tested in the 
three-edge bearing the moment may reach its maximum almost simul- 
taneously at each extremity of the vertical diameter while in the Min- 
nesota bearing the moment always reaches its maximum in the upper 
extremity of the vertical diameter. Thus there are two chances for a 
weak spot to occur at a point of maximum moment in the three-edge 
bearing against one such chance in the Minnesota bearing. This means 
that the general average supporting strength for a number of tile tested 
in the three-edge bearing would be somewhat less than for the same tile 
tested in the Minnesota bearing. This, taken in connection with the 
additional moment produced by own weight of tile, probably explains 
the difference between the experimental data and the mathematical 
analyses as presented in this paper. 


LOADS ON PIPES IN TRENCHES 


Consideration of actual load requirements of pipes:in trenches is 
closely related to the practical phase of tile testing. The nomograph 
of Figure 30 is presented to make available a simple means of readily 
determining the generally accepted load requirements, as determined 
experimentally by the Jowa State College of Agriculture and Mechanic 
Arts [10] [18] for three types of saturated soil most commonly en- 
countered. Loads obtained by the use of scales (1) and (2) will closely 
agree with those given in Table II of the A.S.T.M. See Standard 
Specifications for Drain Tile.© This nomograph has been constructed 
from values derived by solution of the Marston [10] Formula W = 


~ CwB? in which 


W = total weight on pipe, per unit of length. 
w = weight of ditch filling, per unit of volume. 
B = the breadth of the ditch a little below the top of pipe. 
C = coefficient of loads on pipes in ditches and is the average verti- 
. cal pressure per unit area in a ditch of unit width under a 
ditch filling material weighing unity per unit volume. 
® Page 202, 1927 Book of A.S.T.M. Standards. 
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Solution by Nomograph of Marston Formula for Calculating Loads 
on Pipes in Trenches 
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SUMMARY 


I. From the experimental data of this report, the ordinary support- 
ing strength of drain tile of diameters 6 to 30 inches tested in the 
three-edge bearing should be multiplied by the factor of 1.49 io reduce 
the test results to sand-bearing values. This checks almost exactly the 
1.50 value recommended for drain tile by Committee C-6 of the 
A.S.T.M. 

2. From the experimental data of this report, the ordinary support- 
ing strength of drain tile of diameters 14 to 30 inches tested in the 
Minnesota bearing should be multiplied by the factor 1.31 to reduce the 
test results to sand-bearing values. In even figures this is a strength 
ratio of 4/3. : 

3. Summarizing the results of the mathematical analyses presented 
in this report on the basis of uniform distribution of pressure in the 
sand of both sand and Minnesota bearings, and assuming that the solu- 
tions of the equation for the two-edge bearing closely approximate con- 
ditions of the three-edge bearing, the theoretical strength ratio for the 


sand and three-edge bearings is a = 1.89, while that for the sand 
and Minnesota bearings is ae =1.81. As will be noted, neither of 


these values closely checks the experimental results. 

- 4. Results of the mathematical analyses, as presented on the basis 
of parabolic distribution of pressure in the sand for both sand and 
_ Minnesota bearings, give a strength ratio for the sand and three-edge 
Be ; ; 
383 = 1.58, and for the sand and Minnesota bearings 


bearings of 


13105 
.2020 
closely in agreement with the experimental results than the values of 
paragraph 3. 

5. Results of the mathematical analyses based on a pressure distribu- 
tion in both sand and Minnesota bearings most unfavorable to the tile, 
as determined experimentally by the use of friction strips as recorded 
under Bedding 3(a) of Table VIII and illustrated in Bedding 3(a) of 
Figure 29, give a strength ratio for the sand and three-edge bearings of 


SL 1.23, and for the sand and Minnesota bearings 313 
.259 -259 


: 6. Results of the mathematical analyses based on the pressure dis- 

tribution in both sand and Minnesota bearings most favorable to the 
tile, as recorded under Bedding 1(c) of Table VIII, and illustrated in 
Bedding 1(c) of Figure 29, give a strength ratio for the sand and 


= 1.54. These values are still far from satisfactory, altho more 


ails 
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: Bigeiite: : - 
three-edge bearings of a 1.49, and’ for the sand and Minnesota 
; Bil 
pera tk 
bearings sree Tae 


7. If the most unfavorable condition of bedding for the sand bear- 
ing be compared with the most favorable condition for the Minnesota 
311 


bearing, the ratio is *_~= 1.20. 


8. If the most favorable condition of bedding for the sand bearing 
be compared with the most unfavorable condition for the Minnesota 


: PE ei 
bearing, the strength ratio is ~~ 
‘ 2 


= 0.46; 


g. Taking the mean of the extreme values of the strength ratio of 
the sand and three-edge bearings as given in paragraphs 5 and 6, we 
1.23 + 1.49 _ 

: = 


have 1.36, which is considerably under the value of 


1.49 as determined experimentally. 
10. Taking the mean of the extreme values of the strength ratio 
of the sand and Minnesota bearings, as given in paragraphs 7 and 8, 
1.20 + 1.46 
2 


we have = 1.33, which is in close agreement with the value 


of 1.31 as determined experimentally for tile sizes of diameters 14 to 
30 inches, so that the factor of 4/3 for converting test results made 
with the Minnesota bearing to sand-bearing results appears reasonably 
accurate. 

11. Except under most favorable conditions the concentration of 
loading on the bottom quadrant of pipe tested in the sand bearings is 
somewhat greater than generally assumed, while under unfavorable 
conditions it may be very much greater. Bedding with loose sand con- 
taining 2.5 and 5 per cent of moisture produces the most favorable 
conditions, in the matter of pressure distribution, while bedding with 
thoroly compacted dry sand produces the most severe. Considering 
all degrees of compactness of sand used in the tests, that with 5 per cent 
moisture gives the most consistent results. 

12. The maximum moment for pipe tested in the sand bearing may 
be either at the top of the pipe or at the bottom, depending upon con- 
ditions of bedding. 


CONCLUSIONS 


A multiplying factor of 3/2, as generally used to reduce crushing . 
strength tests of circular pipe made in the three-edge bearing to results 
on a sand-bearing basis, is closely correct. 

A multiplying factor of 4/3 to reduce crushing strength tests of 
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circular pipe made in the suggested Minnesota bearing to results on a 
sand-bearing basis is closely correct. 

It is recommended, when applying the crushing test in the A.S.T.M. 
standard sand bearing, or in the suggested Minnesota bearing, that the 
sand used contain about 5 per cent moisture, and that the sand of the 
lower bearing be loosened by spading immediately before placing each 
tile for the test. Unless due attention be given both these details, con- 
sistent test results will not be obtained in the standard sand bearing. 
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The authors are further indebted to Geo. F. Krogh for the drafting 
and to Everard J. Bullis, Carl Liese, and Philip W. Manson for sug- 
gestions and co-operation in making the tests. 

The drain tile used in the tests were for the most part donated by 
the following Minnesota firms. Without these donations this work 
would not have been possible. 


Madelia Cement Tile Company, Madelia 
Minnesota Pipe and Tile Company, Mankato 
North Star Concrete Company, Mankato 
Ochs Brick and Tile Company, Springfield 
Owatonna Pipe and Tile Company, Owatonna 
Quality Cement Products Company, Medford 


To complete the series, tile were purchased and tested from the 
Saffert Construction Company, New Ulm; and the New Ulm Brick 
and Tile Works, New Ulm. 
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REGIONAL AND SEASONAL DISTRIBUTION 
OF MOISTURE, CARBOHYDRATES, NITRO- 
GEN, AND ASH IN 2-3 YEAR POR- 
TIONS OF APPLE TWIGS' 


By Hamitton Pau. TRAuB 


INTRODUCTION 

An understanding of the physiology of woody plants is of first 
importance to. those engaged in the culture of trees and shrubs. Only 
by a clear conception of the functioning of the tissues of the woody 
plant can any real progress be made toward the solution of such im- 
portant problems as translocation of food, fruit-bud formation, and 
winter hardiness in trees. Anything that might add to the accumulat- 
ing scientific knowledge of the physiology of the apple tree would serve 
as part of the foundation upon which the superstructure of cultural 
practices may be based. The experiments reported in this paper were 
undertaken in September, 1924, in the hope of making a slight contri- 
bution toward a clearer understanding of the functioning of the complex 
tissues of the apple tree. The main interest centers cround a purely 
physiological problem; but any advance in the basic sciences usually 
finds immediate application in the related applied sciences. 

In carrying out the research. the method of macrochemical analysis 
of the complex tissues of the 2-3 year portions of apple twigs was 
utilized in an attempt (1) to extend the researches in tree physiology 
initiated by Geleznow (1878), at St. Petersburg (Leningrad) ; and Craib 
(1918), at Edinburgh, on moisture relations; Alfred Fischer (1888, 
1891), and Niklewski (1906), at Leipzig, on the starch-oil and starch- 
sugar transformations in woody plants, and (2) to study the distribu- 
tion of nitrogen and mineral matter in the apple tree on the basis of 
complex tissues throughout the season. 

The work is developed under the following heads: (1) Materials 
and methods, (2) variation in the relative proportions of the complex 
tissues, (3) regional and seasonal distribution of moisture, (4) regional 
and seasonal distribution of carbohydrates, (5) regional and seasonal 
distribution of nitrogen, (6) regional and seasonal distribution of ash, 
(7) practical application, (8) conclusions, and (g) summary. 


1 Also submitted to the faculty of the Graduate School of the University of Minnesota in 
partial fulfilment of the requirements for the degree of Doctor of Philosophy. Degree granted 
June, 1927. 
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MATERIALS AND METHODS 


This section is devoted to a more detailed description of the ma- 
terials and methods employed in this research, which wee briefly 
descr.bed by Traub (1927). 

In order that results from one date to another should be comparable, 
special care was taken to obtain sufficient homogeneous material to carry 
through the experiment for at least two years. After considering other 
possibilities, including a plan of cutting down one r1-year-old apple 
tree for each sample, it was finally decided to limit the study to the 2-3 
year portion of apple twigs. According to this plan, portions (of the 
dormant twig) in the second year of growth, in March, were taken as 
the first material for analysis. Similar portions of twigs were taken 
for analysis on selected dates from March (into the third year of 
growth) to February of the following year. With the adoption of this 


Lis 


Fig. 1. Two t1-year-o'd ‘‘University’’ apple trees at the beginning of the experiment, 
September, 1924. Trees planted at University Farm, St. Paul, Minnesota, May 6, 1914. 


method it was possible to confine operations to a single or at most two 
trees of the same variety growing under similar conditions and with 
similar performance records, for the amount of material removed in 
any one year was not sufficient to change unduly the nutritive balance 
of the trees. This procedure made possible an intensive study of the. 
complex tissues of one winter-hardy app'e variety under the climatic 
conditions of central Minnesota. The results obtained should, there- 
fore, be interpreted on this basis. 


| 


COViee ati S SUBS OF APPLE TREES 9 


Two t1-year-old “University” apple trees (Pyrus malus) were used 
for the experiment. This is a late fall, yellow-fruited seedling of 
Oldenburg originated and introduced by C. G. Patten, Charles City, 
Iowa, in 1882. The variety has been described by Hansen (1902) and 
Green (1903). The tree is an annual bearer ; vigorous and quite winter 
hardy under central Minnesota conditions. The trees selected are located 


_on the Agricultural campus, University of Minnesota, St. Paul. They 


were planted in May, 1914, in silt loam with a clay subsoil, and were 
in sod culture after the first few years of clean cultivation. The trees 
have always been vigorous and have similar performance records. Since 
they came into bearing, the trees have produced comparatively light 
crops of fruit annually. The condition of the trees at the beginning 
of the experiment, September, 1924, is portrayed in Figure 1. The 


Fig. 2. The two ‘University’ apple trees toward the end of the experiment, Dec. 
11, 1926. Trunk diameter 614 and 7 inches, height 16%4 and 1634 feet, and spread 16 and 
17 feet. 
Same trees toward the end of the -experiment, December, 1926, are 
shown in Figure 2. At this time the trunk diameter of the trees meas- 
ured 61% and 7 inches respectively; the height 161% and 1634 feet; 
and the spread 16 and !7 feet. 


Collection and Preparation of Materials 


Samples were taken at twenty different times during the season, but 
not at regular intervals. During the periods April to May and Septem- 
ber to October, when environmental changes bring about very pronounced 
physiological transformations, studies were more intensive than at other 
seasons of the year. All the samples were analyzed for total moisture 
and ‘reducing and total sugars. With these facts as a basis, what ap- 
reared to Pe critical periods in the seasonal cycle were selected. The 
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remaining material collected on these dates was used for additional 
determinations: acid-hydrolyzable alcohol-insoluble carbohydrates, pen- 
tosans, total and amino nitrogen, and ash. 

About 125 grams of material were collected for each sample, always 
between the hours of 7:30 and 8:30 in the morning, within a range of 
several feet and about 8 feet from the ground from the north, south, 
east, and west sides of the trees. The material was brought to the 
‘laboratory in a vasculum and was quickly separated by means of a 
sharp grafting knife into the four fractions—periderm,” cortex-phloem, 
outer xylem, and inner xylem-pith, as indicated in Figure 3. A longi- 
tudinal incision was made in the twig with a sharp grafting knife, and 
the periderm was then peeled -off as indicated in Figure 3. During 
most seasons of the year the periderm was fairly easily separated, but 
this operation was usually the most tedious part of the procedure as 
great care had to be exercised not to take parts of the cortex. The 
tissues between the periderm and xylem tissues, designated hereafter 
as cortex-phloem, were next scraped off as a second complex tissue, 
leaving the wood and the pith. The outer greenish-tinged xylem was 
stripped off as a third complex tissue by means of a sharp grafting 
knife, leaving the inner whitish and drier xylem-pith as a fourth com- 
plex tissue. The various complex tissues were kept in closed specimen 
jars after separation. The separated material in each case was cut into 
small pieces by means of pruning shears and the pieces were thoroly 
mixed. The fractions of each of the four complex tissues for the 
macrochemical analyses were then preserved. 


Preservation of Material 

For the quantitative macrochemical analyses the material represent- 
ing each of the four complex tissues—periderm, cortex-phloem, outer 
xylem, and inner xylem-pith—was divided into two major fractions: 

(a) Fractions for drying to be used for the determination of mois- 
ture, organic nitrogen, and ash. 

(b) Fractions to be preserved in alcohol for the determination of 
reducing and total sugars, acid-hydrolyzable alcohol-insoluble carbo- 
hydrates, pentosans, and amino nitrogen. 

The first major fractions were dried to constant weight at 102°C. 
for moisture determinations, and the residue was then ground in a drug 
mill to a fine powder to be used for the estimation of organic nitrogen 
and ash. 

The second major fractions of the cortex-phloem, outer xylem, and 
inner xylem-pith were again divided into duplicate samples for analysis. — 

* Eames, A. J. and MacDaniels, L. H. An introduction to plant anatomy. First ed., 


p. 213. New York. 1925. Confirmed by letter from A. J. Eames, Cornell Univ., Ithaca, 
N. Y., Dec. 8, 1926. : 


CGOMEEEXAEISSUES OF APPLE TREES II 


Because of the small quantity of periderm tissue, single samples were 
preserved. 

The material was preserved by putting it immediately after the final 
mixing and weighing into Mason jars containing boiling 95 per cent 
alcohol to which 1 gram of calcium carbonate had been added. After 
boiling for 30 minutes, the jars were sealed and stored for analysis at 
a convenient time. 


Methods of Analysis 

The samples were extracted with alcohol in Landsiedl extractors 
over a steam bath for 24 hours. Previous experiments had shown that 
after 18 hours any further extraction was equivalent to a blank, even 
when the tissue was broken further. 

The alcohol-insoluble residue remaining in the extraction cup was 
then dried to constant weight at 102°C. and ground in a drug mill to a 
fine powder to be used in the determination of total acid-hydrolyzable 


Fie. Ye “Method of separating complex tissues —periderm, cortex-phloem, outer xylem, 

and inner xylem-pith. 
alcohol-insoluble carbohydrates (hexosans and pentosans), and pento- 
-sans.. After making up to volume, the alcohol-soluble extract was treated 
with chloroform to separate the crude lipides (fats, lecithin, chloro- 
_ phyll, etc.). The remaining alcohol-soluble phase was divided into 
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aliquots for the determination of reducing sugars, total sugars, and 
amino nitrogen, the alcohol being removed in Claissen flasks under re- 
duced pressure at a temperature of 40-60°C. 

Duplicate samples were analyzed, except in the case of the periderm 
material, and all analyses were made in duplicate except those of the 
sugars, which were in triplicate. 

The official methods of analysis of the Association of Official Agri- 
cultural Chemists (1925) were used throughout with a single slight 
modification as indicated under carbohydrate analyses. 


Carbohydrate Analyses 

In the determination of reducing and invert sugars according to the 
Munson and Walker method, the volumetric thiosulphate method of 
estimating precipitated cuprous oxide was used except that bromine 
water was omitted from the process. 

In the estimation of total sugars, hydrolysis was accomplished by 
allowing 50 cc. of the clarified solution, to which 10 cc. of dilute hydro- 
chloric acid (sp. gr. 1.1029) had been added, to stand 24 hours at a 
temperature of 20-24°C. 

According to Harvey (1923, 1925), the presence of phloridzin in 
apple tissue may lead to serious errors in sugar determinations unless 
necessary precautions are taken in technical procedure. Harvey sug- 
gested, however, that the method of inversion at room temperature for 
24 hours might avoid the hydrolysis of phloridzin. This was essentially 
the method of hydrolysis employed in all the sugar determinations, but 
it was considered advisable to check this point. For this purpose 
phloridzin was tested in saturated solution before and after hydrolysis 
at room temperature for 24 hours, by using 25-cc. portions for reduc- 
tion with standard Fehlings solution. The results were equivalent to 
blank determinations in each case. 

The method of direct acid hydrolysis was used in the determination 
of the acid-hydrolyzable alcohol-insoluble carbohydrates, i.e., acid-hydro- 
lyzable material including starch. The results obtained by this method 
include the pentosans and other carbohydrate bodies that undergo hydrol- 
ysis and are converted into reducing sugars on boiling with hydrochloric 
acid. Two grams of dry material was stirred in a beaker with 50 cc. 
of cold water for an hour, transferred to a filter, and washed with 
250 cc. of cold water. The insoluble residue was heated for 21%4 hours 
with 200 cc. of water and 20 cc. of dilute hydrochloric acid (sp. gr. 
1.125) in a flask provided with a reflux condenser. After cooling, 


nearly neutralizing with sodium hydroxide, completing volume to 250 cc., . 


and filtering, the glucose was determined in aliquots of the filtrate. 
Pentosans were determined by the phloroglucinol method. Tle 


quantity obtained was subtracted from that of the acid-hydrolyzable 
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alcohol-insoluble carbohydrates, leaving the acid-hydrolyzable hexosans, 
including starch. 
Nitrogen Analyses 
Amino nitrogen was determined by the Van Slyke method. The 
mixture of glacial acetic acid, sodium nitrite, and the solution of the 
sample was shaken for 5 minutes. 


The total organic nitrogen was determined according to the Gunning 
modification of the Kjeldahl method. 


Ash Analyses 


Total ash was determined by burning in a porcelain crucible 2 grams 
of the dry powdered residue from the moisture determinations for each 
analysis in a muffle oven until a white or grayish white residue was 
obtained. 


Tables and Graphs 


The complete analytical data are given in Tables I, II, and 1V 
to XV inclusive. The results are shown graphically in Figures 4 to 20 
inclusive. 


VARIATION IN RELATIVE PROPORTIONS OF COMPLEX 
TISSUES 


That the relative proportions of the complex tissues did not remain 
constant from one date to another under the conditions of the research, 
was. determined in the preliminary experiments from September to 
December, 1924. This fact was also reported by Proebsting (1925), 
but he made no attempt to put it on a quantitative basis. 

From a theoretical viewpoint, the difference in the relative propor- 
tions of the complex tissues at various seasons of the year may be due 
to (1) variation in the diameter of the twigs utilized, introducing vary- 
ing volumes of the complex tissues, (2) variation in the dry weight 
without change in volume due to the translocation of substances into 
and out of a region, and (3) growth (increase in tissue) or senes- 
cence (decrease in tissue due to absorption after death) in a part of 
the complex tissues without a corresponding change in the remaining 
tissues. Further experimentation is necessary to establish the relative 
importance of these various sources of error when entire twigs are 
analyzed at various seasons of the year. 

Errors due to variation in diameter of the twig can be minimized 

by selecting twigs as nearly alike in diameter as possible throughout the 

experiment. There seems to be no remedy for errors due to the normal 
_ seasonal physiological processes of the plant—translocation of material 
into and out of a region, and growth or senescence of tissues. 
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The seasonal variation in the relative proportions of the complex 
tissues throughout the experiment are indicated in Table I in per cent 
dry weight, and are shown graphically in Figure 4. 


TABLE I 


SEASONAL VARIATION IN RELATIVE PROPORTIONS OF PERIDERM, CORTEX-PHLOEM, OUTER XYLEM, 
AND INNER XYLEM-PITH, IN 2-3 YEAR Portions or APPLE TwiGs, 
MarcwH 7, 1925, TO FEBRUARY 26, 1926 


Expressed in per Cent of Total Dry Weight 


Periderm Outer xylem 


Date Periderm Cortex- Outer Inner plus cor- plus inner 

phloem xylem xylem-pith tex-phloem xylem-pith 
Match 3. sic.se 8.25 17.24 44.31 30.23 25.46 74.54 
Aprils Gc. ieee 8.10 18.97 43-05 29.88 27.07 72.93 
May 968 ccs ac.c 8.16 19.85 44.24 27.95, 28.01 71.99 
MMe ZO sls wks 8.61 15.02 44.99 31.38 23.62 76.38 
September 17.. 4.37 17.75 44.26 33.62 22.12 77.88 
October 10.... 8.06 18.22 38.93 34.79 26.28 73-72 
October 23.... 3:10 16.68 46.98 33-24 19.78 80.22 
December 23 .. 6.17 17.73 41.46 34.64 23.90 76.10 
February 26 .. 7.66 18.78 41.56 32.00 26.44 73-56 

average .. 6.94 17.80 43-31 31.95 24.742 75.258 


The data given in Table I show that on the basis of complex tis- 
sues—periderm, cortex-phloem, and outer xylem plus inner xylem- 
pith*—there are marked fluctuations in the relative proportions of these 
complex tissues. The variations are quite significant, amounting to 
8.23 per cent on a dry weight basis in the periderm plus cortex-phloem 
and outer xylem plus inner xylem-pith. 

Tables IV, V, and VIII show that in the spring the xylem tissues, 
composing over 70 per cent of the total dry weight, and functioning as 
winter storage organs, lose a relatively large part of their stored ma- 
terial by translocation, and the relative proportion of the cortex-phloem 
rises correspondingly. In late October this is reversed—a relatively 
large part of the reserve food is translocated and stored in the xylem 
tissues, and there is a corresponding decline in the relative proportions 
oi periderm and cortex-phloem. Other factors may, however, be oper- 
ative. Hanson (1926) has shown that in Acer saccharinum under 
eastern Nebraska conditions, xylem formation begins between April 
20 and 27, when leaves are about half grown; production of new cells 
is very active throughout May and June, and by August 1 most of 
the xylem is formed and over 9o per cent is lignified. By August 15, 
lignification is complete to the cambium, and no new cells are being 
formed; by September 14 cambial activity is renewed, and new xylem 
is being developed, and by October 14 cell formation has ceased and 
the xylem is completely lignified. The abrupt variations in the relative 
proportions of the complex tissues in 2-3 year portions of apple twigs 


® The outer xylem and inner xylem-pith are not considered separately, as it may be argued 
that an error might be introduced when separations are made. 
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during April-May, and September-October, under central Minnesota 
conditions, may be connected with cambial activity. There is also the 
possibility that during periods of cambial activity, undifferentiated cells 
on the xylem side of the cambium may adhere to the cortex-phloem 
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Fig. 4. Seasonal variation in the relative proportion of periderm, cortex-phloem, outer 
xylem, inner xylem-pith, periderm plus cortex-phloem, and outer xylem plus inner xylem-pith. 
Expressed in per cent dry weight. 


fraction during the separation, thus apparently increasing the relative 
portion of this tissue. However, the proportion of the phloem begins 
to rise in early March when the trees are dormant and before there 


is likely to be any cambial activity, indicating that the change is due 
apparently to translocation of material from the xylem tissues. 


. 
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In conclusion, the gross analysis of the plant organs (twigs, spurs, 
roots, etc.) in seasonal studies is on the defensive.* At least, the error 
that may be introduced by using this method should be fully recognized 
in the interpretation of data based upon the analysis of entire plant 
organs composed of complex tissues that may vary in their relative 
proportions from one date to another. The whole problem requires 
thoro investigation. 


REGIONAL AND SEASONAL DISTRIBUTION OF 
MOISTURE 


In the study here reported, an atterapt was made to come.a little closer 
to a quantitative estimation of the seasonal moisture relations of the 
complex tissues of 2-3 year portions of apple twigs—periderm, cortex- 
phloem, outer xylem, and inner xylem-pith. We are not concerned 
alone with such seasonal variation of total moisture content of the 
stem as reported, for instance, by du Sablon (1904, 1906) for the pear 
and other trees, but ra‘her with an estimation of the individuality of the 
various complex tissues with respect to seasonal moisture distribution 
and its physiological significance. 


Previous Work 


Several workers have reported experiments on the subject of sea- 
sonal and regional variation of the moisture content in the stems of 
woody plants. 

Geleznow (1876), at St. Petersburg (Leningrad), carried out ex- 
periments showing the seasonal distribution of moisture in the cortex- 
phloem and wood of Acer platanoides, Betula alba, Populus tremula, 
and Pinus sylvestris. He concluded that the cortex-phloem usually 
contains more moisture than the wood. 

Craib (1918, 1920, 1923) reported experiments on the regional 
spread of moisture throughout the year in the trunk of Acer pseudo- 
platanus, and other trees. He showed that there are considerable 
seasonal fluctuations of moisture in the different portions of the wood: 
at the beginning of the leafless period, October, the center of the tree 
is very wet; at the end of the same period, March, there’ is a very wet 
region near the outside and the center is very dry; between these two 
extremes occur all the intermediate stages. During the leaf-bearing 
period, March to May, it appears probable that the moisture goes 
through the same movement on a reduced scale and at a greatly accel- 
erated speed as in the longer interval, October to March. When the 


_41It may be argued that the same criticism that applies to the analysis of the plant organ 
made up of complex tissces would also apply, to a lesser extent, to the comparative study 
of complex tissues. This is true, but for practical reasons it will probably not be possible 
to separate the complex tissues into simple tissues for macrochemical analysis. 
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full-leaf stage is reached, throughout most of the tree the whole cen- 
tral area of the wood has an almost uniform percentage of moisture, 
and the youngest wood has a relatively high moisture content. 

Immink (1923) reported experiments with teakwood and mahog- 
any trees in which he claims to have obtained results similar to those 
reported by Craib with Acer pseudoplatanus. 

Craib (1925)° suggested to the writer that Craib’s results (1918) 
might be connected with the work of Templeton (1923) on starch 
distribution in the trunk of Acer pseudoplatanus at various heights 
above ground level. Templeton used the same series of trees and 
followed the same plan for the different level cuts and his results 
should, therefore, be comparable with those of Craib (1918). 


General Tendencies 


The researches reported above were concerned either with cortex- 
phloem and xylem or with xylem tissues alone. In this work the 
seasonal distribution of moisture has been followed in the four com- 
plex tissues—periderm, cortex-phloem, outer xylem, and inner xylem- 
pith. The results obtained are expressed as moisture in per cent dry 
weight in Table II, and are shown graphically in Figure 5. 


TABLE II 


REGIONAL AND SEASONAL DistrisuTIoN or Moisture IN 2-3 YEAR Portions or Aprie Twics, 
Marcu 7, 1925, TO FEBRUARY 26, 1926 


Expressed in per Cent Dry Weight 


Cortex- Outer Inner xylem- Whole 

Date Periderm phloem xylem pith twig 
IVIREE CDS Yie dicloa ie & so 17.13 96.04 58.57 45.93 57.77 
Match 27 ..c 0% 28.79 97.17 47.08 47.80 54.78 
ADEM Mh aes ss 58.33 65.33 53.83 53.23 55-31 
Apne T8irec sc. «ars 65.62 117.19 61.16 57.92 71.05 
A See he oe 75.12 153-37 72.56 66.24 86.53 
PRIETO! sich -0e +--+ '- 80.98 125.88 70.76 71.65 82.78 
NayisgOl nu ose 81.69 139,20 80,21 73-50 90.20 
WGREN2O) = 5.46. 35.01 167.16 92.03 71.32 91.89 
UGK ei etaies eee 44.17 120.79 91.94 71.65 87.41 
AMigiist TE. i... 57.25 132.68 : 65.01 66.88 74.70 
September 17 .... 67.61 119.64 79.76 64.49 81.17 
@ctober 4. 2... 0: 52.46 102.89 74.27 52.61 70.45 
October 10 ...... 48.65 100.83 58.51 52.44 60.89 
October 29 ..).-. 64.63 106.75 58.77 59.39 67.16 
December 23 .... 29.52 74.85 61.59 47.40 57.04 
Wantiaty 20.4... 24.11 62.74 59.00 55.14 56.73 
February 26 ..... 18.15 88.96 54.43 56.26 58.72 


The results show wide variation in amount of moisture for the 
various tissues. During certain times of the year there is also a 
difference in trend in the periderm. 


5 Letter from William G. Craib, Dept. of Botany, Univ. of Aberdeen, Old Aberdeen, Scot- 
land, Dec. 6, 1925, to Hamilton P. Traub. 
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Fig. 5. Upper, seasonal distribution of moisture in periderm, cortex-phloem, outer 


xylem, inner xylem-pith, and entire twig. Expressed in per cent dry weight. 

Lower, precipitation from March 1, 1925, to February 28, 1926, in three-day summation 
periods. Expressed in inches. From Annual Meteorological Summary, 1925 and 1926, U. S.- 
Weather Bureau, Minneapolis, Minnesota, Station. 
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The highest percentage of moisture during the entire year is found 

- in the cortex-phloem. Geleznow (1876) found a similar condition in 

Acer and other trees. The range in the cortex-phloem on a dry weight 

basis varies from 65.33 to 167.16 per cent, a difference of 101.83 per 

cent. The cortex-phloem contains a relatively greater proportion of 

living tissue than the xylem and a correspondingly greater moisture 
content would be expected. This is actually the case. 

The two xylem tissues, outer xylem and inner xylem-pith, follow 
the same trend except that the per cent moisture in the outer xylem 
shows a tendency to run higher at practically all times of the year. 
This is especially marked during the summer. There is a range from 
47.08 to 92.03 per cent, a difference of 44.95 per cent in the outer 
xylem; and a range from 47.80 to 73.50-per cent, a difference of 25.70 
per cent, in the inner xylem-pith. There is, therefore, a significant 
and consistent lower moisture content in the xylem tissues than in the 
cortex-phloem. 

The moisture content of the periderm is usually lower than that of the 
xylem tissues. There is a comparatively wide range, from 17.13 to 81.98 
per cent, a difference of 64.85 per cent, but the absolute amount reaches 
above that of the xylem tissues for relatively short periods only. In the 
periderm, there is not only a difference in amount but also a difference in 
trend from the end of May to the middle of August. While the moisture 
in the cortex-phloem and outer xylem rises from the end of May to the 
end of June, the moisture in the periderm falls off; when the moisture 
falls in the cortex-phloem, from the end of June to the middle of July, 
and in the outer xylem from the end of June to the middle of August, 
the moisture rises in the periderm. After the middle of August the 
moisture content of the periderm has the same trend as in the other tis- 
sues, but it has a tendency to be lower than in the other tissues during 
the winter, with a temporary rise above the xylem tissues from early 
April until the end of May. 

When the moisture data are calculated on the basis of the entire 
twig, the individuality of the complex tissues naturally disappears and 
the tendency of the tissue, outer xylem, in greatest relative abundance, 
is reflected. The range of moisture content, 54.78 to 91.89 per cent, 
a difference of 37.11 per cent, closely approaches that of the outer 
xylem. The error introduced by this method of expressing quantita- 

_ tive results has been emphasized above. 

In the following discussion the moisture relations in the four com- 
plex tissues will be followed through the physiological periods—the 
growing period, the transition between growing and dormant periods, 
the dormant period, and the transition between dormant and growing 
periods. 


1 
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Growing Period—April to September 


In general, the summer maximum of moisture in all the complex 
tissues is reached, under central Minnesota conditions, between April 
3 and September 14, when precipitation is greatest—over 70 per cent 
of the annual total. 

The fluctuations in amount of moisture during the season are con- 
siderable in these four tissues. The rise in early April begins before 
much precipitation has fallen. The rains begin about the middle of 
April but the first maximum is not reached by all the tissues until 
May. ‘There is a temporary decline in moisture content of the cortex- 
phloem and outer xylem, followed by another maximum in June for 
the cortex-phloem and from late June to the middle of July for the 
outer xylem. The summer minimum of the periderm is attained at 
this time. It seems strange that there should be an actual decline in 
moisture in the cortex-phloem during the month of heaviest rainfall, 
July, and an increase to a third maximum during the month of least 
rainfall, August. The decline of moisture content in periderm and 
cortex-phloem during periods of abundant rainfall points to the fact 
that when there is an optimum water supply the actual amount of 
water taken up is limited by vital phenomena and that under such con- 
ditions there is no direct proportionality between total rainfall and the 
amount of moisture in the individual complex tissues. The correla- 
tion between the total moisture in the twig and total rainfall, however, 
is much closer, following the trend of the outer xylem, which as an 
individual tissue shows the same relationship. The outer xylem ap- 
parently serves as a complex water-supplying tissue. The periderm 
and cortex-phloem seem to act independently of the total precipitation 
within the summer maximum, selecting varying amounts of water from 
the common supplying tissue with the changing chemical and physical 
state of the protoplasm. 

The inner xylem-pith reaches a maximum moisture content by the 
middle of May and shows only very slight fluctuations, and a very 
gradual downward trend to the middle of September. The rapid de- 
cline in moisture content of the periderm may be explained by the fact 
that the phellem tissue once formed soon becomes suberized and ceases 
to function as living tissue. Won Mohl (1847) demonstrated that 
dead plant tissue loses moisture more rapidly than living tissue. Ac- 
cordingly, the moisture content declines rapidly after the end of May 
to the latter part of June. In this connection it is of interest to note 
the graphs, Figures 14 and 15, representing the nitrogen changes dur- 
ing this period. Figure 14 shows that during the time when the 
periderm tissue is being built up, April and May, the non-amino, or 
protein, content is relatively high, 71.4 to 73.34 per cent of the total 
nitrogen; and Figure 15 indicates that the amino acids decline rapidly 
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during the same period, 0.296 to 0.168 per cent on a dry weight basis. 
Altho further experimentation is necessary to decide this point, it 
appears possible that with the maturity, specialization, and differentia- 
tion of the periderm tissue, the non-amino nitrogen decomposes into 
the decomposition amino form. The latter undergoes a rise from 26.66 
to 45.40 per cent of total nitrogen, and 0.168 to 0.286 per cent on a 
dry weight basis. This is shown in Figures 14 and 15. 

In general, the periderm attains the first summer moisture maxi- 
mum at the end of May and a second high peak is hoticed in the 
middle of September before the autumnal yellowing of leaves sets in. 
During the first part of the period of heaviest rainfall, there is a sharp 
decline in the moisture of the periderm tissue. The cortex-phloem is 
most subject to fluctuation within the summer maximum, the outer 
xylem is less variable, and the inner ee pith maintains a fairly 
constant maximum. 


Transition Between Growing and Dormant Periods 


The most striking phenomenon during the transition period, Sep- 
tember and October, is the sudden temporary decline in percentage of 
moisture content in all the complex tissues after the middle of Sep- 
tember. The falling off in moisture begins while the leaves are still 
green, after the middle of September. When the fall minimum is 
reached, about the middle of October, the leaves are still green. The 
leaf blades were practically brown, and the petioles were colored red 
with anthocyanin by October 23, when a new moisture maximum 
was reached by all the complex tissues. When the fall maximum has 
been reached, growth has practically ceased and storage has been 
completed. At this time the moisture content of the inner xylem-pith 
is slightly greater than that of the outer xylem. Craib (1918) made 
similar observations for Acer pseudoplatanus later in the season. No 
direct evidence is offered to explain the temporary decline in moisture 
content during this period. The change is undoubtedly bound up with 
the chemical and physical changes that take place with the seasonal 

transformations. The drop takes place in spite of sufficient rainfall, 
as indicated in Figure 5. Further experimentation is necessary to clear 
up this matter. 


Dormant Season—October to April 


Various workers have reported experiments that have a bearing 
on the variation in moisture content of the twigs of trees during the 
winter. - Water loss through transpiration, absorption of moisture from 
the atmosphere, water conduction through the wood, loss of dry weight 

_ by respiration during the winter, and translocation of material would 
influence the relative proportion of moisture in the various complex 
tissues as expressed in per cent dry weight. 
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As early as 1875, Wiesner and Pacher proved that 1-5 year horse- 
chestnut twigs transpired an appreciable amount of moisture in winter 
at a temperature of 13.17 degrees C., and a slight amount also at —30 
degrees C. Table III is adapted from Wiesner and Pacher, showing 
the amount of water loss after 24-hour, weekly, and monthly periods 
at a temperature of 13.5 to 17:5 degrees C. The figures show conclu- 
sively that leaf traces favor transpiration as compared with the neigh- 
boring periderm; and that one-year portions of twigs are protected 
against transpiration through the periderm to a greater extent than 
2- and 3-year twigs. 

TABLE III 
Loss oF WATER FROM HorsE-CHEstNUT Twics (Aesculus hippocastanum), JANUARY, UNIVER- 


SITY OF VIENNA 
Expressed in per cent of the Original Weight of the Twig 


(Adapted from Wiesner and Pacher, 1875) 


1-Year twigs 2-Year twigs 3-Year twigs 5-Year twigs 
No Leaf No Leaf No Leaf Leaf traces 
leaf traces leaf traces leaf traces not dis- 

traces present traces present traces present tinguishable 
After 0.836 1.583 0.965 1,268 1.105 1.206 0.641 
24-hour 836 1.531 1.081 1.326 1.126 1.242 641 
periods 836 1.688 1.390 1.563 1.294 1.228 -603 
662 1.490 1.181 1.312 1.094 T.152 -549 
-767 1.320 1.043 1.238 1.043 1.052 -573 
«550 1.295 0.965 1.230 I.021 1.053 -505 
0.650 1.343 1.236 1.239 1.023 1.075 0.4.93 
After one week 5.122 10.250 7.861 9.76 7.706 8.008 4.005 
After 30 days 16.376 31.741 23.551 28.879 23.837 25.219 11.407 


The work of R. Hartig (1883) showed that twigs of deciduous 
trees and coniferous evergreens lose perceptible quantities of water 
when exposed outdoors in April. He also observed that these twigs 
gained in moisture during rainy weather. These results were verified 
by Kny (1895), who found that defoliated twigs lost water by trans- 
piration, but may also absorb water slowly from the atmosphere. 
Bailey (1896) reported that apple twigs lose appreciable amounts of 
moisture in winter in western New York. The work of Sandsten 
(1904), at Madison, Wisconsin, established the fact that the loss of 
moisture varied from about 2 per cent to nearly 15 per cent in the two 
observed winters when 8-year-old apple trees were cut off, exposed 
outdoors, and weighed at intervals during the winter, December to 
April. 

The recent work of Hildreth (1926) at St. Paul, Minnesota, on 
winter dessication of severed terminal apple twigs, sealed with grafting 


wax on the cut surface and exposed during the winter and weighed. 


outside at intervals, shows that the twigs of the two varieties used in 
the experiment lost weight during practically the entire period. The 
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only break occurred after a rain in February when a sample which 
had lost more moisture by reason of longer exposure, gained weight. 
This gain in weight during rainy weather is in harmony with the re- 
sults of R. Hartig (1883) and Kny (1895). Hildreth reports that 
the rate of loss was gradual during periods of low temperature, but 
increased as spring opened despite the fact that the moisture content 
of the shoots was being constantly diminished. Except for the rainy 
period in February, the evaporation curve of twigs agrees fairly closely 
with the temperature curve. “Wealthy” twigs outdoors lost 29.3 
per cent of the original weight between January 1 and April 8, altho 
nearly two-thirds of this loss occurred during the last month. 

Sachs (1860a) pointed out that the freezing of the soil retards 
moisture absorption by trees in winter. According to Miller-Thurgau 
(1886), the soil and the woody stem of the tree in winter are poor 
conducting channels and unable to make good the water lost by evap- 
oration from ice crystals in the tissues. This apparently explained to 
him the fact that twigs of apple and other trees lost weight when 
exposed outdoors on two consecutive cold nights. That roots exert 
only a minor influence on the water content of leaves in winter, is 
indicated by the experiments of Ivanoff (1924), at Petrograd (Lenin- 
grad), with evergreen trees cut from the roots. According to this 
worker the relatively low temperature of the surface soil and the ‘at- 
mosphere tend to slow down the conduction of water in the wood of 
trees in winter. Conduction does not cease entirely, but is slowed 
down so greatly that the water supplied is not sufficient-to cover the 
loss by transpiration. This condition leads to a marked decrease in 
moisture content of the tree. 

Kosaroff (1901), at Sofia, reported experiments that pointed to 
the fact that leafless twigs of trees both absorbed and transpired con- 
siderable quantities of water during winter at temperatures down to 
o degrees C. Therefore there must be movement of water in the 
twig. This conclusion seems in harmony with the work of Hildreth 
(1926) with apple twigs. “McIntosh” twigs severed from the tree, 
sealed on the cut surface, and exposed outdoors from December 17 to 


_ March 3, showed a moisture content of 34.5 per cent; the shoots left 


on the tree contained 45.5 per cent moisture on the same date. Hildreth 


concludes that trees in winter may be able to make up in part the mois- 


ture loss occurring from evaporation. He explains, however, that the 
temperature of the air and possibly of trunk and branches was fre- 


quently above freezing during the period. 
Another factor influencing the relative proportion of moisture in 
the twigs of trees as expressed in per cent dry weight is the loss of 
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combustible material in respiration. A decrease of dry weight without 


a proportionate decrease in moisture apparently indicates an increase 


in moisture content. That terminal apple twigs lose a significant amount 
of their dry weight by respiration during the winter is shown by the 
work of Beaumont and Willaman (1924), at St. Paul, Minnesota. 
These workers measured the amount of CO, given off by terminal 
apple twigs on the tree in February and March. De Long (1927), 
working in the same locality with excised apple twigs, reports similar 
results. The table below shows the amount of CO, given off on the 
basis of 24-hour periods, per 100 grams of material : 


Temperature COs given off 
degrees C. mg. 
=O! Soe Saas ete tree hoe ees othe chan he er eee 12 
SL) Te eerie cierto sree hater rok rote Oto ods pte cue 48 


Still another factor that may have an appreciable effect upon the 
relative proportion of moisture in the twigs of trees as expressed on a 
dry weight basis should be mentioned. There is the possibility of a 
change in dry weight taking place as a result of the translocation of 
material to or from a region during the winter season. There is, 
however, apparently no information available on the subject of the 
transport of material in dormant twigs during the winter. 

The work of the authorities quoted shows that at least five factors 
may be operative during the winter season that might influence a 
change in the moisture content of woody twigs as expressed on a dry 
weight basis: (1) loss of water by transpiration, (2) a tendency to 
make good this loss in part by conduction of moisture through the 
wood from the root, (3) a tendency to absorb moisture from the at- 
mosphere, especially in rainy weather, (4) diminution of total dry 
weight by respiration, and (5) increase or decrease in dry weight due 
to translocation of material during the winter. The moisture relations 
of the complex tissues of the apple twig during the winter must be 
interpreted in the light of these dynamic changes. 

During the dormant season, end of October to April, there is a 
gradual to rapid decline in moisture in the various tissues, depending 
upon the nature of the complex tissue, and later a rise in two of the 
complex tissues. 

In taking up the consideration of complex tissues from the outside 
to the center of the twig, we notice that in the periderm there is a 
sharp falling off in moisture content throughout the whole dormant 
period, The rate of loss is slowed down somewhat after the latter 
part of December. This continued moisture loss is probably due to 


the fact that the phellem is gradually dying or is dead tissue during 


this period. There is a rapid rise in March and April with the renewed 
activity of the phellogen. 
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After active growth ceases in the fall, the cortex-phloem is on the 
decline during the winter. This may have a possible bearing upon the 
moisture relations of this complex tissue. The cortex-phloem shows 
first a marked decrease (40.15 per cent on dry weight basis) in moisture 
content to the end of January and then an equally rapid increase in 
moisture content through February and March. 

When the woody tissues are considered, a fairly gradual decline 
in moisture content of the outer xylem is noticed until March. The 
inner xylem-pith shows a fairly important loss of moisture until the 
latter part of December and then a fairly important gain until the end 
of February. During the whole period the cortex-phloem has a higher 
and the periderm a lower moisture content than the xylem tissues. The 
fall in moisture content from October to December or January may 
be due to water loss by transpiration, as explained by Ivanoff (1924). 
With the lowering of the temperature to the minimum in January, 
water conduction is slowed down so greatly that the moisture supplied 
is not sufficient to cover the loss by transpiration, leading to a marked 
decrease in moisture content in the complex tissues. Altho the dry 
weight is cut down by respiration during the same period, the experi- 
ments of Beaumont and Willaman (1924) and De Long (1927) show 
that the amount of CO, respired decreases markedly with the lowering 
of the temperature. The net result is therefore a decrease in moisture 
on a dry weight basis in spite of an actual decrease in dry weight. The 
increase in moisture in the cortex-phloem through February is prob- 
ably due to increased water conduction with the gradual increase in 
temperature. Water absorption from the atmosphere may also influ- 
ence the moisture content of the twig, as emphasized by R. Hartig 
(1883) and Kny (1895), but it is impossible to estimate the relative 
importance of this factor without further experimentation. The rela- 
tively greater losses or gains in moisture by the periderm and cortex- 
phloem may be due to their greater exposure to external conditions, 
or to the nature of the tissues, as has-been suggested. 

These individualities of the separate complex tissues, however, 

naturally disappear when the moisture is expressed as per cent of dry 
weight of the entire twig. On this basis the results agree in general 
with those of Hildreth (1925) with terminal apple twigs of “Olden- 
burg,” the winter-hardy parent of “University.” Hildreth made his 
observations in the same locality in 1923-24. There is a very gradual 
decline of moisture until the end of January, and then a very gradual 
increase to the end of February. Between the end of October and the 
end of January there is a maximum fall of a little over 10 per cent 
on a dry weight basis. This harmonizes with the results of Sandsten 
- (1904). From the end of January to the end of February there is a 
2k rise of a little less than 2 per cent. From the end of December to the 


a 
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end of February the moisture is, therefore, practically constant when 
expressed on a dry weight basis. 

It was emphasized earlier in this paper that the variation in the rela- 
tive proportions of the tissues made it impossible to obtain a true concep- 
tion of the moisture relations by analyzing the entire twig. There is 
considerable variation in the relative proportions of the complex tis- 
sues, as shown in Figure 4. On the basis of the entire twig, the picture 
presented follows that of the outer xylem fairly closely. The rapid 
fall and rise of moisture in the cortex-phloem during the winter and 
the important continual decline of moisture in the periderm, are en- 
tirely masked. 


Transition Between Dormant and Growing Periods 


During the transition between the dormant and the growing periods, 
in March and April, before active growth begins, there is a general 
tendency for the cortex-phloem and xylem tissues to gain moisture 
after the latter part of March and early April. The periderm shows 
a continuous gain from the beginning to the end of the period. 

The marked rise in moisture content begins in early April before 
there is much rainfall, for only 0.39 inch of precipitation is recorded 
between April 4, the date of minimum moisture content for the cortex- 
phloem and xylem tissues, and April 18, when the marked rise in- 
moisture is already fairly under way, as shown in Table II and Figure 
5. At this time the reserve of moisture in the soil is probably suffi- 
ciently abundant to supply all the needs of the tree. The temporary 
decline at the end of March is, therefore, apparently not bound up with 
the absolute amount of rainfall, but is dependent on the chemical and 
physical transformations in the twig. 


REGIONAL AND SEASONAL DISTRIBUTION OF 
CARBOHYDRATES 


Microchemical determinations of the various carbohydrate fractions 
of the tissues of woody plants have been made quite extensively in the 
past. Macrochemical analyses of the chemical constituents of the com- 
plex tissues of such plants are, however, apparently rare and frag- 
mentary. Niklewski (1906), at Leipzig, analyzed the cortex-phloem 
and wood of various woody plants for ether extract and sugars in an 
attempt to determine the role of fat in the transformations taking 
place during the winter period. Proebsting (1925) analyzed the 
cortex-phloem and xylem tissues of apple twigs for certain carbo- 
hydrate fractions and nitrogen from April to September, in making a 
study of the relation of stored food to cambial activity. 

This section is devoted to a consideration of the evidence showing 
variation in the reserve carbohydrate constituents in the four complex 
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tissues of the 2-3 year portions of the apple twig—periderm, cortex- 
phloem, outer xylem, and inner xylem-pith. For comparative purposes 
these data have also been calculated on the basis of the entire twig. 
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Fig. 6. Seasonal distribution of carbohydrates in periderm; acid-hydrolyzable hexo- 
sans (1); non-reducing sugars (2); reducing sugars (3); total sugars (4); pentosans (5); 
acid-hydrolyzable alcohol-insoluble carbohydrates (6); and total carbohydrates, except cellu- 
lose (7). Expressed in per cent dry weight. 
| 


The results of the macrochemical analyses—total carbohydrates, 
acid-hydrolyzable hexosans, reducing sugars, non-reducing sugars, and 
_ total sugars—are given in Tables IV, V, VI, VII, and VIII on a dry 
weight basis. In Table IX the total sugars, acid-hydrolyzable hexosans, 
and pentosans are expressed in per cent total carbohydrates except 

j cellulose. The data are shown graphically in Figures 6 to 13. 
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TABLE IV 


REGIONAL AND SEASONAL DisTRIBUTION OF SUGARS IN 2-3 YEAR Portions or APPLE TwiGs, 
Marcu 7, 1925, TO FEBRUARY 26, 1926 


Expressed in per Cent Dry Weight 


Cortex- Outer Inner xylem- Whole 


Date Periderm phloem xylem pith twig 
Total Sugars 
March iis cisieis srs ssaresietattels 4.39 9.82 3.33 3.23 4.50 
PAG yCtl ya cuties etna Markee ot Os00) 5.51 1,20 1.37 2.45 
Miaty oit Gmtervieietere wisecrerareataniers 6.39 4.12 0.89 1.06 2.02 
JRE ZO" ws Swratasin cei eters 5.93 5.61 0.81 0.83 1.97 
September 170 Aine idles 4.90 5.46 0.57 0.71 1.67 
October ecOlmieeriesiccutewiee. 5.87 7.42 0.91 0.96 2.51 
OCOD er 23) 4 sisreieins eleletpiereter 9.83 12.07 1.74 2.27 3.89 
December 23 ic. saints vaca 12.04 13.17 5.86 8.11 8.31 
PEDruary: 26) l.eac9 welsatcisia 6.37 8.87 4.29 6.16 6.49 
Reducing Sugars 
MarCh 7.5 3 Siore.cietslsieisteleveleaters 1.94 6.32 1.12 1.62 2.23 
April” 20%, can iaivaaresisaiee a 2.62 2.86 0.71 0.62 1.24 
INGA YT Onnare Sistelevessisoteiaveternieis 3.14 2.49 0.50 0.77 1.18 
NSC. 2OM crate cawath areaie ete 2.08 3.82 0.40 0.70 b Ep 3 
Weprem het 271) leukemic ielcie ss & dead 4.02 0.34 0.44 1.19 
October Os sete vtec crsieitic eels 3.92 4.80 0.46 0.62 1.58 
October a3. ache cee fae 5.18 8.01 0.70 0.81 2.09 
December WAS uv icisieve clei sceristele 7.60 8.03 2.49 3.68 4.35 
Bebruery 26 ais. aes ates 3.99 5.54 1.80 2.78 3.24 
Non-Reducing Sugars 
March (7a taricsincoriens Nace ears 3.50 2.21 1.61 2.27 
AUPOL SrA) secicversie ake NsalsteysMagor 3.38 2.65 0.49 0.75 1.21 
Wiay TG: Sieredinerente Trees 3.25 1.63 0.39 0.29 0.84 
ithe = 20) Goat sainieterd Byetoateers ore EBSSS 1.79 0.21 0.13 0.82 
September 7 eine cco ciel 0.66 1.44 0.23 0.27 0.48 
OCEODEL) TOW ae iatetersvevelcirete ement.O5 2.62 0.45 0.34 0.93 
MOctobern23) circle sessions 4.65 4.06 1.04 1.46 1.80 
December 23 ...ccseesere 4.44 4.24 3-37 4.43 3-96 
Mebruary, 26 cee aa ove eas 3:33 2.49 3.75 3.25 
1 
TABLE V 


REGIONAL AND SEASONAL DistriBUTION oF AciD-HypROLYzABLE HExosANs IN 2-3 YEAR Por- 
TIoNs oF APPLE Twics, Marcu 7, 1925, TO FEBRUARY 26, 1927 


Expressed in per Cent Dry Weight 


Cortex- Outer Inner xylem- Whole 

Date Periderm phloem xylem pith twig 
UMVar Chie 72 warae:selslexessccdt ray ores 1.19 3.22 7.27 —otoo 6.60 
April a ereveraveistelaretefsnatene tits 2.59 4.74 7.08 10.29 7.22 
Miay 51.6 .-havssncte ereiote ate ol etooece . 1.04 2.71 0.99 6.76 2.94 
[icket Mere SRS On Somdoddoduoh 4.98 4.46 5.69 8.29 6.26 
September 17 wesc sce es 7.36 6.18 4.84 5.23 5.31 
Octobets 1OP sn aacderaa tenia as OF 7.08 5.77 3.95 5.36 
October 23 wns risers en oto 4 9. 1.30 7.01 7.77, PLOuna 
December 23 ...ccccesvess 824 0.69 3.13 3.16 2.53 


Bebriary 26. «ces s«ser nes 2253 2.36 4.52 5.06 4.54 
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TABLE VI 


REGIONAL AND SEASONAL DisTRIBUTION OF PENTOSANS IN 2-3 YEAR PorTIoNs or APPLE Twics, 
Marcu 7, 1925, TO FEBRUARY 26, 1926 


Expressed in per Cent Dry Weight 


Cortex- Outer Inner xylem- Whole 

Date Periderm phloem xylem pith twig 
IEA TCH tas fie okeieiavassisisiovs a7 9.53 13.66 20.49 16.81 17.29 
PADI TA MEP Veiatatel at dyes sein 6 xe 12.84 IT.04 22.07 20.70 18.82 
WBA AVG" iris clo areye vis w laid! <te's 14.49 14.74 23.56 21.17 20.40 
PURSE AO Me a lctatcchece wives aco 10.02 14.02 22.02 22.52 19.94 
September 17 .iscc.css0e 13-14 14.02 22.01 22.93 20.91 
VERO DOE MOUS iste ahs: 5) 5:0 8.0: ovevons 10.74 12.17 22.35 23.25 19.87 
ADETOBEPS S99 oie sires clas leiste 0 14.19 16.53 21.30 20.80 20.11 
Wecempenses wosica shies acs 12.47 15.82 22.10 21.84 20.30 
ORM Ay 26 wie-eicie. 0's o sieles oa" 9.99 PS. 22 19.84 21.78 20.90 

TABLE VII 


REGIONAL AND SEAsoNAL DistrigutTion or Acrp-HyprotyzasLe ALcoHot-INSOLUBLE CARBO- 
HYDRATES (AciD-HypRoLyZABLE POLYSACCHARIDES) IN 2-3 YEAR PorTIONS 
or AppLeE Twics, Marcu 7, 1925, TO FEBRUARY 26, 1926 


Expressed in per Cent Dry Weight 


Cortex- Outer Inner xylem- Whole 

Date Periderm phloem xylem pith twig 
HES Te ab eo A Ree 10.72 16.88 27.76 25.81 23.89 
PASI AREER EY Sn ae. 6 7% ae. 6 15.41 15.78 29.15 30.99 26.04 
Blin gun Odea rahe oie anes cs 6.0; 4,'s 15.53 17.45 24.55 27.93 23.34 
NESS ORL etary sp ioiGs siete) ola ia ss 15.00 18.48 2 27.71 30.81 26.20 
PSGGLCHBOEE SD occa aids e's ne 20.50 20,20 27.76 28.16 26.22 
WEE ODET TO ena sisis Uisrececns as 16.35 19.25 28.12 27.20 25.23 
OGCODELN 2 sierrefeniG) Ae ss Gierns 15.68 17.83 28,31 28.57 26.25 
Wecemper 237 syne s.< s'sreares 12.71 16.51 25.23 25.00 22.83 
PEMUMATY SON vi. cies cans ee ss Tr. 82) 17.48 24.36 26.84 22.87 

TABLE VIII 


REGIONAL AND SeEAsoNAL DistripuTIoN or Acrid-HyproLyzAeLte ALCOHOL-INSOLUBLE CARBo- 
HYDRATES PLUS ToTAL ALCOHOL-SOLUBLE CARBOHYDRATES IN 2-3 YEAR PorRTIONS 
oF AppLE Twics, Marcu 7, 1925, TO FEBRUARY 26, 1926 


Expressed in per Cent Dry Weight 


Cortex- Outer Inner x\lem- Whole 
Date Periderm phloem xylem pith twig 
NUSSELT O52 5 aoierOg Sie eco L5.1I 26.70 31.09 29.04 28.39 
PN PAu een hrs ole cout sie vik > -«. 2L.4 1 21.29 30.35 32.36 28.49 
BVA Operesicls/cfsisid = i svevelere ate 21.92 21.57. 25.44 28.99 25.36 
RIESE ia Ditett : ciel< picks 2a 5) <0 ores 20.93 24.09 28.50 31.64 28.17 
September 47 ..,ee. gees 25.40 25.66 28.32 28.87 27.89 
BRPOCEODED TO. lie sie ds.0 eee oes 22.22 26.67 29.03 28.16 27.74 
H HOGEOH EKG 230 ie eieislsc ty «(oi alereseve 25.51 29.90 30.05 30.84 31.14 
{ December 23° .6.4...0.6. 24.75 29.68 31.09 33-11 31.14 


Hebrilary: 260 i). whee eee 17.89 26.35 28.65 33.09 29.36 
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TABLE IX 


REGIONAL AND SEASONAL DIsTRIBUTION oF ToTaL SuGArs, PENTOSANS, AND AciD-HyDROLYZABLE 
HEXOSANS, IN 2-3 YEAR PorTIONS oF AppLrE Twics, Marcu 7, 1925, TO FEBRUARY 26, 1926 


Expressed in per Cent of Total Reserve Carbohydrates 


Cortex- Outer Inner xylem- Whole 
Date Periderm phloem xylem pith twig 


S Total Sugars 


IMBECH 9°, cc’ sige nla mates 29.05 36.77 10.71 11.12 15.85 
ADT AQ tere css ioararaive tae ate 28.02 25.88 3.95 4.23 8.59 
VE ays Onis fajececereistaretsfevetarabavare 29.15 19.10 3-49 3.65 7.96 
SUING FSO terete ae emanates 28.33 23.28 2.84 2.62 6.99 
September: 477 0c) wecrelerstous 19.29 21.27 2.01 2.45 5.98 
OCESHEL FLOM cccyortree cine che atere 26.41 27.82 3-13 3-40 9.04 
October 223° sities dese ete 38.53 40.37 5.79 7.36 12.49 
December 23") ile tra tyecarsea ees 48.64 44.37 18.84 26.06 26.68 
Pehr vary BO kis ewdls see 35.60 33.66 14.97 18.61 22.10 
Pentosans 
Pe GH 70. coeieatas ofa wesatane 63.08 51.16 65.90 57.88 60.83 
PDEA Cee tious cca rcsetechetcans 59.97 51.85 a7 63.96 66.05 
IE gy EO raryay et aa eve es Runa Ors 66.10 68.33 92.61 73.02 80.44 
Fune- OO econ t Once ean 47.87 58.19 77.26 wee 70.78 
September 07.64 wa salee ne pay x 54.63 80.89 79.42 74.97 
OChObER ZG. sini hata 48.33 45.63 76.98 82.56 71.62 
October 2235). .iiiwias aa Se 55.62 55.28 70.88 67.44 : 64.57 
Decemberi28) Shi secasrh cee 50.38 53.30 71.08 70.08 65.18 
Bebntiatiy 20 ar. <.aeiemtepveiaien 55.84 57.38 69.24 65.82 71.18 


Acid-Hydrolyzable Hexosans 


ARG OF esse cys arson acs avers kaahe 7.87 12.05 23.38 30.99 23.24 


BA itl 4S) oe heer ec eoteetioa 12.09 22.26 23.32 31.79 25.34 
May Gs Yale ioyev oa cleo ee pvaners intl 4.74 12.56 3.89 23.3 11.59 
Se OO Neh. arn arcutenetete eae 23.79 18.51 19.96 26.20 22.22 
September ir7™ 3c trssesiteterstaavere 28.97 24.08 17.09 18.11 19.03 
OOLOHER~ HO Ss Cocis eit Seale -ete eae 25.24 26.54_ 19.87 14.02 19.32 
October= 23) aia. eie cae ete 5.84 4.34 25:82 25.19 19.71 
December’ 23, ccc ee cine 0.96 2.32 10.06 10.15 8.15 
eBay, 264 oii aaisesivaersi 8.55 8.95 T5727 15.29 15.46 


Total Carbohydrates 


The total amount of reserve carbohydrates in 2-3 year portions of 
apple twigs is quite large, as shown in Table VIII and Figures 6 to 10 
inclusive. The magnitude of this reserve material is apparently directly 
proportional to the nearness to the center of the twig. The highest 
per cent, from 28.16 to 33.11 on a dry weight basis, is found in the 
inner xylem-pith. The percent in the outer xylem, from 25.44 to 
31.09, is only slightly lower than that of the tissue which it surrounds; 
the per cent in the cortex-phloem, from 21.29 to 29.90, is lower than 
that of the outer xylem, and the corresponding value for the periderm 
is below that of the cortex-phloem. 

On the basis of the entire twig, the tendency of the outer xylem is 


reflected except from September to December, when the high carbo-— 
hydrate content of the cortex-phloem makes possible a maximum in 


October for the twig as a whole. This is shown in Table VIII and 
Figure 10. 
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At the end of the dormant season there is a marked decline in the 
total reserve carbohydrates in most of the complex tissues of 2-3 year 
portions of apple twigs. In the cortex-phloem there is a rapid de- 
cline after the latter part of December, in the outer xylem the decline 
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Fig. 7. Seasonal distribution of carbohydrates in cortex-phloem; acid-hydrolyzable hexo- 
' sans (1); non-reducing sugars (2); reducing sugars (3); total sugars (4); pentosans (5); 


acid-hydrolyzable alcohol-insoluble carbohydrates (6); and total carbohydrates, except cellu- 
lose (7). Expressed in per cent dry weight. 


is steady but less marked, and in the inner xylem-pith there is a 
rise during March that is probably due to translocation of reserve 
carbohydrates from other parts of the tree and a lesser or later utiliza- 
‘tion of stored materials. The minimum in reserve carbohydrates is 


oy 
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reached during April and May for the cortex-phloem and about the 
middle of May for the outer xylem and inner xylem-pith. 

The periderm shows a difference in trend of reserve carbohydrates 
at the end of the dormant season and at the time of the initiation of 
growth in spring. There is a rise until the middle of May with a slight 
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Fig. 8. Seasonal distribution of carbohydrates in outer xylem; acid-hydrolyzable 
hexosans (1); non-reducing sugars (2); reducing sugars (3); total sugars (4) pentosans (5); 
acid-hydrolyzable alcohol-insoluble carbohydrates (6); and total carbohydrates, except cellu- 
lose (7). Expressed in per cent dry weight. 


decline in June. This is probably due to the nature of the periderm: 


tissue,-as explained in the section devoted to moisture distribution. 
The marked decline in stored or reserve carbohydrates in all the 


complex tissues except the periderm, at the time growth is initiated, 
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is undoubtedly due to the utilization of the reserves in growth exten- 
sion. This statement is in harmony with the work of Puriewitsch 
(1898), who maintains that organic materials move from the stor- 
age tissues to other regions when the transported materials are utilized 
in the tissues receiving them. Translocation of stored organic materials 
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Fig. 9. Seasonal distribution of carbohydrates in inner xylem-pith; acid-hydrolyzable 
hexosans (1); non-reducing sugars (2); reducing sugars (3); total sugars (4); pentosans (5); 
acid-hydrolyzable alcohol-insoluble carbohydrates (6); and total carbohydrates, except cellu- 
lose (7). Expressed in per cent dry weight. 


from a region also takes place when like organic substances move 
through the region to more distant consuming tissues. 
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The following phenological data are of interest in this connection: 


Date Development of “University” Apple Trees, Spring 1925 
March 23 Trees dormant 
April 4 Fruit buds beginning to swell 
April 18 Fruit buds partially expanded 
May 2 Fruit buds fully expanded; flower petals pink, and leaves 34 
inch wide 
May 16 Trees in full bloom; new terminal branches 3 inches long. 


Reference to Table VIII and Figures 6, 7, 8. and g reveals the 
fact that as the development of new shoots progresses the total reserve 
carbohydrates in the complex tissues decrease toward a minimum ex- 
cept in the periderm, which seems to draw on the carbohydrate supply 
at this time. When the fruit buds are beginning to swell, in early 
April, the reserve carbohydrates in the cortex-phloem have fallen to 
the minimum, as shown in Figure 7. When the trees are in full bloom 
and the new terminal shoots are 3 inches long, the reserve carbohy- 
drates in the xylem tissues have declined to a minimum by the middle - 
of May, as indicated in Figures 8 and 9. 

The marked increase in total reserve carbohydrates in all the com- 
plex tissues except the periderm, after the middle of May, is ascrib- 
able to the net gain from the photosynthetic process in the leaves. 
Surplus carbohydrates are transported to the stem and accumulate as 
reserves. 

In the periderm there is a rapid building up of reserve carbohydrates 
after the latter part of June. In the cortex-phloem the rise of carbo- 
hydrates is consistent during the entire growing season; in the outer 
xylem there is a very slight decline to September after a maximum 
is reached in June. The inner xylem-pith follows the trend of the 
outer xylem, but the decline from Tune to September is more marked. 

The transition between the growing season and the dormant period, 
September to October, is characterized by carbohydrate accumulation 
in the various complex tissues. From the standpoint of total carbo- 
hydrates, Combes and Kohler (1922) have shown that from 1/5 to 
1/4 of the soluble carbohydrates in the leaves is transported to the 
living parts to build up a reserve. The translocation of this material 
is reflected in a very marked increase in the cortex-phloem and the 
inner xylem-pith, a rise of 4.24 per cent from September 17 to October 
23 in the cortex-phloem, and of 4.95 per cent from October 10 to Sep- 
tember 23, in the inner xylem-pith. In the cortex-phloem the maximum 
is reached in the latter part of October, but in the xylem tissues the 
maximum is not reached until December. Apparently considerable 
time elapses after the leaves have fallen before translocation to the © 
various storage tissues is completed. 
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After the maximum is reached, in October or December, there is 
a decline in carbohydrates, the rate varying with the particular complex 
tissue. 
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Fig. ro. Seasonal distribution of carbohydrates in the entire 2-3 year portion of the 
twig; acid-hydrolyzable hexosans (1); non-reducing sugars (2); reducing sugars (3); total 
sugars (4); pentosans (5); acid-hydrolyzable alcohol-insoluble carbohydrates (6); and total 
carbohydrates, except cellulose (7). Expressed in per cent dry weight. 


In the periderm there is first a gradual decline during November 
and December, but from January on there is a rapid decline to a 
minimum in March, In the cortex-phloem the decline is very gradual 
between October and January, but the rate increases from this time 
until the minimum is reached, in May. In the outer xylem there is 
a marked decline from the December maximum to the May minimum. 
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In the inner xylem-pith there is first a very gradual decline from the 
December maximum to the end of February, and then a rise to a new 
maximum in March-April preceding the period of rapid growth ex- 
tension, during which the minimum is reached in May. 


PERIDERM 


tt 
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Fig. 11. Lower, seasonal distribution of acid-hydrolyzable hexosans in periderm, cortex 
phloem, outer xylem, and inner xylem-pith. Expressed in per cent dry weight. 

Upper, mean monthly minimum temperature, expressed in degrees Fahrenheit. 

The decline in carbohydrates during the winter is apparently due. 
largely to loss by respiration, as shown by the work of Beaumont and 
Willaman (1924) and De Long (1927). As the temperature begins 
to rise in February and March from the low level of December and 


COMPLEX TISSUES OF APPLE TREES 37 


January, part of the rapid decline is probably due to loss through trans- 
location of materials to the growing points. 
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Fie. r2. Seasonal distribution of acid-hydrolyzable hexosans (1); total sugars (4); and 
pentesans (5), im periderm, cortex-phloem, and entire twig. Expressed in per cent of total 
carbohydrates. 


Pentosans 
A large proportion of the reserve carbohydrates of the complex 
tissues of 2-3 year portions of apple twigs consists of pen‘osans, as 
shown in Table IX and Figures 6 to 10, inclusive. The pentosan content 
of the xylem tissues, always over 55 per cent, is greater than that of the 
periderm and cortex-phloem, always over 45 per cent of the total 


_ reserve carbohydrates. 
= 
L 
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On the basis of total dry weight, there appear to be marked fluc- 
tuations in the pentosan content of the complex tissues of 2-3 year 
portions of apple twigs. At certain times of the year these fluctua- 
tions are, however, apparent rather than real. The rise in pentosans 
from April to May in all the tissues represents a relative diminution 


al 
a ; \ 
gaak 
i = “A 
80 Ps MN gee 
a Gi: oo aN 
ASE 
ty Meh ae 
Ol fe a 
’ : Med s <a “4 
60 a 
50 
——-—-——- OUTER XYLEM 
40 ay ea peers XYLEM-PITH 
~ ENTIRE TWIC 
30,—-—\. 
EE ee ‘s 
es Ne ot UN % Noe < 
20 \ a ee : van - ~ e 
yh j 1 =e =e / A a 
I. < / LON Bee ; 
10 Ro ’ j 4 ry See: 
een et pt es 
‘NY ai tes 


:4=-—\ rm AN Ay ae i 


MAR APR MAY JUN JUL AUC SEP OCT NOV DEC JAN FEB 


Fig. 13. Seasonal distribution of acid-hydrolyzable hexosans (1); total sugars (4); and 
pentosans (5), in outer xylem, inner xylem-pith, and entire twig. Expressed in per cent of 
total carbohydrates. 


in the hexosans, as shown in Table IX and Figures 12 and 13, where 
the-pentosans are expressed in per cent of total reserve carbohydrates. 

On the basis of total reserve carbohydrates, the relative proportion 
of pentosans in periderm and cortex-phloem remains fairly constant 


> 
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after the apparent spring rise in April-May as shown in Figure 12, 
except for the decline in September-October. In the xylem tissues 
the decline in pentosan content on the basis of total reserve carbo- 
hydrates does not take place until October. Between October and 
March this lower level is maintained. 

The pentosan content is probably fairly constant. The apparent 
decline of pentosans in the woody tissues from October to March is 
due to the relatively great increase in total sugars preceding leaf-fall. 


Acid-Hydrolyzable Hexosans and Sugars 


The acid-hydrolyzable hexosans and sugars presumably play an 
important role in the economy of the apple tree. These are appar- 
ently the most labile types of reserve carbohydrates in the plant cell, 
and are probably in equilibrium with other forms of carbohydrates, 
especially sugars, changing from one to the other in response to such 
varying external and internal environmental conditions as changing 
concentrations of sugar solution, varying temperatures, presence of 
enzymes. 

Sugars: Growing Period, April to September 


During the growing season the sugar content is extremely small 
in the xylem tissues, always below 2 per cent between April 4 and 
October 10, but the amount of sugars is relatively much more abundant | 
in the periderm and cortex-phloem, ranging from 4.90 to 6.00 and 
4.12 to 7.42 per cent on a dry weight basis, during the same period, 
as shown in Table IV and Figures 6, 7, 8, and 9. On the basis of per 
cent total carbohydrates, the same relationship exists. There is a slight 
drop in the sugar content of the periderm from May to September. 
In the cortex-phloem, after the spring drop in April and May there is 
a rise to a new level in June. This level remains almost constant until 
September, when a rise to a new higher level begins. 

The sugar content of the xylem tissues is relatively constant during 
the entire growing season, usually below 1 per cent until September, 
when a marked increase sets in. 

In the periderm the reducing sugars are greater in amount than- 
the non-reducing sugars after the middle of July; and in the cortex- 
phloem, outer xylem, and inner xylem-pith the non-reducing sugars 
are consistently lower than the reducing sugars during the growing 
period, as shown in Table IV and Figures 6, 7, 8, and 9. 

Acid-Hydrolyzable Hexosans: Growing Period, April to September 

In March-April, just before active growth begins, an acid-hydro- 

’ _ lyzable hexosan maximum is attained, but with the beginning of active 
_ growth a marked decline begins, owing to the utilization of the hydro- 
‘ lyzed hexosans in growth extension. When the minimum hexosan 
| was reached, in the middle of May, the trees were in full bloom, 
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and the new shoots 3 inches long. From this time forward the photo- 
synthetic function of the leaves of the new shoots apparently not only 
produces sufficient carbohydrates for further growth extension but also 
furnishes a net gain to be stored in the form of hexosans, which rise 
markedly in all the tissues, as shown in Figures 6, 7, 8, 9, and it. 
That this represents a relative gain as compared with other reserve 
carbohydrate fractions is shown in Figures 12 and 13, where hexosans 
are expressed in per cent total carbohydrates. 

After the middle of June there is a steady increase in hexosans to 
a fall maximum in periderm and cortex-phloem in September-October. 
There is, however, a falling off of hexosan content in the woody tissues 
during the same period. That this is an actual falling off in relation 
to the other reserve carbohydrates is shown in Figure 13. The decline 
is relatively greater in the inner xylem-pith. 


Acid-Hydrolyzable Hexosan-Sugar Transformation: Dormant Period, 

: September to March 

The marked rise in total carbohydrates as a result of translocation 
from the leaves, as shown by Combes and Kohler (1922), is due in 
large measure to the relatively important increase in sugars, which 
reach a new maximum in December in all the complex tissues. During 
the same period there is an equally marked decline in acid-hydrolyzable 
hexosans, which reach a minimum in December for all the tissues. This 
shows that the rise of sugar is due to two causes: (1) the translocation 
of carbohydrates from the leaves and (2) the transformation of acid- 
hydrolyzable hexosans into sugar. Various workers have reported 
experiments that have a bearing on the cause and the extent of hexosan- 
sugar transformations. 


Causal Mechanism 


Einhoff (1805) demonstrated that in the potato tuber the sugar con- 
tent increases with low temperature. Vogel (1820) reported experi- 
ments showing that after freezing and thawing starch paste loses its 
sticking quality and its fluidity. These properties are again taken on 
when the material is brought to the boiling point of water. He also 
showed that frozen starch paste loses considerable water by syneresis. 
These experiments were repeated by Sachs (1860b) in an attempt to 
come closer to an understanding of the effect of temperature upon 
organic substances in the cell. 

Butkewitsch (1908) demonstrated a maltose-splitting enzyme in 
the cortex-phloem of Sophora japonica, Rabinia pseudoacacia, Caragana 
arborescens, and Populus nigra. He also prepared a similar enzyme 
from the wood of Sophora japonica. From this evidence Butkewitsch | 
naturally concluded that the end product of starch splitting in trees” 
is glucose. 
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Butkewitsch (1908) also showed that toluol and chloroform lower 
or inhibit the synthetic activity of the starch-building plastids. He 
found that lowering the temperature has a similar effect. He recog- 
nized the analogy between the processes, and ascribed the building up 
of sugar to the decrease in the aay of the plastids to form starch 
at lower temperatures. 

Czapek (1901) proved that low temperature decreases the ability 
of the plastids to build starch. Higher sugar concentrations are re- 
quired for the plastids to build starch at o degrees C. than at 16 to 18 
degrees C. From this information the conclusion can be drawn that 
starch already stored may be reconverted into sugar as the result of 
an equilibrium reaction when the temperature is lowered. 

Coville (1920) explained the starch-sugar transformation in plants 
on exposure to low temperature as an increased permeability of the 
starch grain to enzymes, thus allowing the hydrolytic catalyst to come 
in contact with the starch. He does not explain the regeneration of 
starch with the increase in temperature. 

The effect of temperature on the acid-hydrolyzable hexosan content 
of the complex tissues of 2-3 year portions of apple twigs is shown 
in Table V and Figure 11. With the drop in mean minimum tem- 
perature, beginning in September, there is a profound change in the 
total amount of acid-hydrolyzable hexosans in all the complex tis- 
sues. The periderm and cortex-phloem show a rapid decline from 
October 10 to October 23, reaching a minimum in December. In the 
woody tissues there is a rise from October 10 to October 23. This 
is probably due to the fact that much carbohydrate material is being 
transported into the wood from the leaves, and the concentration of 
sugar may be high enough to cause a temporary deposition of starch. 
With the further lowering of the temperature this starch will be hydro- 
lyzed to sugars because at lower temperatures higher concentrations of 
sugar are required for plastids to build starch, as demonstrated by 
Czapek (1901). Consequently, the starch minimum is reached in 
December-January with the mean minimum temperature at the lowest 
point. - The increase in mean_minimum temperature after the middle 
of January is accompanied by a corresponding rise in the acid-hydro- 
lyzable hexosans, as shown in Figure 11. 


Extent of Acid-Hydrolyzable Hexosan Disappearance 


According to Theodor Hartig (1858), the building up of a starch 
reserve in the tree at the time of leaf-fall is to be considered as ended 
when the living cells of the wood and ray parenchyma of the cortex- 
phloem and pith are packed with starch grains. This starch maximum 
he considered as remaining unchanged until spring, followed at the 
beginning of summer by a starch minimum. This viewpoint was held 
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by prominent plant physiologists, including Pfeffer, until the 80’s of 
the last century, in spite of the evidence to the contrary which accu- 
mulated after the 60’s. 

Famintzin and Borodin (1867) found low starch content in twigs 
of birch during winter. Twigs that were brought into the room 
built up starch in the same manner as twigs outside in the spring. 
These workers noticed that the starch disappears as growth begins, 
and expressed the opinion that starch formation is not due to trans- 
location but is the result of the transformation of substances already 
present in the cells. Famintzin and Borodin frankly admitted that 
their experiments gave them no information as to what these substances 
are. 

Reichardt (1871) noticed the absence of starch in winter (Febru- 
ary) in single twigs of Salix fusca, Tilia europaea, and Betula alba, 
but he believed that these were exceptional cases, for he was dominated 
by the then prevalent theory that the reserve starch undergoes no 
transformation during the winter. He was apparently unaware of 
the work of Famintzin and Borodin (1867). 

Russow (1882) at Dorpat, observed that little or no starch could 
be found in the cortex-phloem of many native trees and shrubs dur- 
ing the winter months (December, January, February), but oil or fat 
in the parenchymatous elements, which were packed with starch at the 
beginning and end of the growing period. In contrast, the parenchy- 
matous elements of the wood were found to be as rich in starch in 
winter as at the end of the growing period. 

Barenetzky and Grebnitzky (1884) explained that in certain trees 
there is a strach minimum in the cortex-phloem and wood during the 
winter, with a starch maximum in the fall and spring. According to 
these authorities the starch changes to oil in winter, and soft-wooded 
trees (Tilia) are entirely starch-free in winter; but in hard-wooded 
trees the starch disappears entirely only in the cortex-phloem. There 
is an abundance in the wood but the amount is somewhat reduced. 

The classical work of Miiller-Thurgau on the starch-sugar trans- 
formation in the potato with the lowering of the temperature appeared 
in 1882. Miiller-Thurgau (1885) extended the theory built upon his 
work with the potato to explain the initiation and breaking of the rest 
period in trees. He maintained that “when the sugar transformation 
from the leaves stops then the development of the buds slows down 
and when the last sugar is transformed into starch then growth will 
cease. The rest period has begun. When in time starch is again 


changed to sugar by the action of low temperature then growth can ~ 


take place again. Rest period is due to the fact that little or no sugar 
is available to the buds.” 


Ag d 
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Alfred Fischer (1888, 1891), building upon the results of his own 
experiments, and those of his predecessors quoted above, but apparently 
unaware of the work of Famintzin and Borodin (1867), reported an 
extensive survey of the starch-oil and starch-glucose transformations 
in deciduous dicotyledonous and coniferous trees. On the basis of the 
principal reserve storage material during the winter, Fischer grouped 
trees into two classes. One group included trees in which the reserve 
starch that had accumulated during the growing season is changed 
to oil and to a lesser extent into glucose in the xylem and cortex-phloem 
at the beginning of winter. This group he named oil-storing trees or 
“Fettbaume” (Betula, Tilia, Pinus sylvestris, etc.). Another group 
included trees in which the reserve starch in the cortex-phloem is 
changed to glucose and perhaps another unknown substance, but the 
starch in the xylem-pith remains practically unchanged from fall to 
winter with slight fluctuations. This group he called starch-storing 
trees, or “Starkebaume” (Quercus, Ulimus, Acer, Pyrus, Sorbus, etc.) 
In the “Starkebaume,” according to Fischer, there is but a very slight 
falling off of starch in the xylem-pith as compared with the fall maxi- 
mum, so small, in fact, that all the rays may be colored black-blue with 
iodine during the winter months, and the starch disappears completely 
only in the cortex-phloem. In the cortex-phloem, Fischer recognized 
two starch maxima, fall and spring, and two starch minima, winter 
and May. Inthe xylem-pith he recognized only one starch minimum— 
in May—and a starch maximum from fall through the winter. 

_ Niklewski (1906), at Leipzig, confirmed by means of macrochemical 
analyses the observations of Russow (1882) and Alfred Fischer (1891) 
on the starch-oil transformation in the “Fettbaume” during the winter. 

The results, obtained by macrochemical analyses of 2-3 year por- 
tions of apple twigs, indicated in Tables IV, V, and IX, and Figures 
6, 7, 8, 9, 11, 12, and 13, show that under central Minnesota conditions 
the acid-hydrolyzable hexosan content not only of the periderm and 
cortex-phloem but also of the woody tissues, is reduced materially 
during the winter, and that there is a marked rise in sugar during the 
same period. The results obtained in the case of one representative 
of the group of “Starkebaume” do not show a high glucose content of 
the wood during the spring and summer nor a glucose minimum in 
the wood in winter, as reported by Fischer (1891). The difference 
in the results may be explained by a consideration of the technic used 


_by Alfred Fischer in determining the glucose in the vessels of the 


wood. Fischer used his samples in the fresh condition or kept them 
in the dry state and soaked them with water before using. Twigs 
were split and put into a concentrated solution of copper sulphate for 
about 5 minutes; they were then rinsed with water and put into a 
‘boiling solution of Rochelle salt and sodium hydroxide for 2-5 min- 
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utes. The glucose reaction took place only in the outer layer of the 
wood, which was removed and the process repeated. Such a method 
evidently does not reach the glucose in the living cells and leaves non- 
reducing substances entirely out of account. 

By the application of this method, Fischer found glucose relatively 
abundant in the vessels, or tracheids, of various kinds of trees during 
spring and summer, but relatively little or no glucose during winter. 
From the end of May to the starch minimum in the middle of the 
following May, he found abundant starch grains in the living cells of 
the wood, and therefore concluded that the starch of the xylem-pith 
does not change to sugar during the winter. Table V, however, shows 
that the hexosan content of the outer xylem is reduced almost by half 
between June 20 and December 23, and in the inner xylem-pith the 
reduction equals more than 50 per cent. Between October 23 and De- 
cember 23 the decrease is even more marked. Figures 8 and 9 show 
that the sugars are correspondingly increased during the same period. 
These graphs also show that the non-reducing sugars are in excess 
over the reducing sugars in the xylem tissues. The fact that about 
50 per cent of the hexosans remain unchanged in the xylem-pith during 
winter would tend to mask the situation so that microchemical observa- 
tions apparently indicate that no change in starch content had taken 
place. Similarly, the glucose content of the tracheal vessels is probably 
so low in winter that the impression would be given that xylem 
tissues are poor in glucose. Fischer took no account of non-reducing 
sugars, which are in excess of glucose in the wood during winter in 
the particular apple trees under central Minnesota conditions. This 
explains the conclusion he arrived at and that he made the basis of 
his classification. If the facts shown in one of the “Starkebaume’ are 
representative of the rest of the group, it appears that the nomenclature 
adopted by Fischer is no longer adequate for the group as a whole. 
Sugar storage during the winter months is apparently more charac- 
teristic than hexosan storage in the xylem-pith as well as in the cortex- 
phloem of the particular apple trees under central Minnesota conditions. 
Figures 8, 9, 12, and 13 show conclusively that hexosan storage plays 
a minor réle during winter as compared with the relative amount of 
total sugars present, in Pyrus malus. The term “Zuckerbaume,” sugar- 
storing trees, appears to be a more appropriate name for these trees. 

The facts presented show that the periderm and cortex-phloem 
differ from the outer xylem and inner xylem-pith with regard to acid- 
hydrolyzable hexosan maxima and minima. Table V and Figure 11 
indicate two hexosan maxima and two minima for the periderm and 
cortex-phloem and three hexosan maxima and three minima for the 
outer xylem and inner xylem-pith. 
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or 


Periderm and Cortex-Phloem 


Fall maximum, September to October 
Winter minimum, December to January 
Spring maximum, March to April 
Spring minimum, May 


Outer Xylem and Inner Xylem-Pith 


Summer maximum, June 

Fall minimum, September to October 

Fall maximum, October to November 

Winter minimum, December to January 

Spring maximum, March to April 

Spring minimum, May 

On the basis of the whole twig, as shown in Figure 10, the tendency 

of the outer xylem is reflected in the acid-hydrolyzable hexosan con- 
tent, but the sugar content is greater than that of the outer xylem, 
owing to the high sugar content of the cortex-phloem. 


REGIONAL AND SEASONAL DISTRIBUTION OF 
NITROGEN 


Macrochemical studies of the regional and seasonal distribution 
of nitrogen in woody plants are apparently fragmentary and rare. 
Proebsting (1925) analyzed total nitrogen in the cortex-phloem and 
xylem of apple twigs from April to September in connection with his 
work on the relation of stored food to cambial activity in the apple. 
The work reported in this section is concerned with the distribution of 
the total organic and amino nitrogen fractions in the four complex 
tissues—periderm, cortex-phloem, outer xylem, and inner xylem-pith— 
of the 2-3 year portions of apple twigs throughout the year. The data 
are recorded in Tables X, XI, XII, and XIII, and are shown graph- 
ically in Figures 14 and 15. 


Total Organic Nitrogen 


The most striking fact brought out in Table X and the lower 
graph of Figure 14 is the extremely small amount of organic nitrogen 
in 2-3 year portions of apple twigs. 

Table X shows that the organic nitrogen content of the complex 
tissues rarely rises above one per cent of the dry weight in the periderm . 
and cortex-phloem and remains below 0.5 per cent at all times in the 
outer xylem and inner xylem-pith. 

The lower graph of Figure 14 shows plainly that the periderm, 

-cortex-phloem, outer xylem, and inner xylem-pith follow the same 
trend in organic nitrogen content. There are, however, differences in 
amount. The organic nitrogen content of the periderm and cortex- 
as 
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Fig. 14. Lower, seasonal distribution of total organic nitrogen in periderm, cortex- 
phloem, outer xylem, inner xylem-pith, and entire twig. Expressed in per cent dry weight. 
Upper, amino and non-amino nitrogen in the same complex tissues and the entire twig. - 
Expressed in per cent of total organic nitrogen. 
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phloem is relatively much greater on a dry weight basis than that of 
the xylem tissues. 


TABLE X 


REGIONAL AND SEASONAL DisTRIPBUTION or Toran NiTROGEN 1N 2-3 YEAR Portions or APPLE 
Twics, Marcu 7, 1925, TO FEBRUARY 26, 1926 


Expressed in per Cent Dry Weight 


Cortex- Outer Inner xylem- Entire 

Date Periderm phloem xylem pith twig 
Ere rate, iu hsik cc Slevais) sieve 0.93 I.15 0.37 0.33 0.53 
PTS yt UR a eae ee 1.04 wet) 35 41 59 
Mia GGT her ie alta ecto os ee .0763 0.67 18 .20 hehe 
RRSitae Mo ivera ts cave rsisiais b'sialn als 6 i's 63 -£2 107 05 Ly 
BERteM Permian ciel sclere.cte)= 2 65 -50 Pe se 13 .22 
WICLOBEEE TO) ciciels'se)s.die eye eie 63 45 13 .1I 22 
OCtaperl 2g isis cc ekb ss ess 167 .69 05 17 .26 
December 23) Jo... vec... .67 .78 .20 18 gz 
Pepruaty: 26 sect. aieie es 0.74 0.73 0.18 0.18 0.32 


The maximum in organic nitrogen reserves is reached in all the 
complex tissues during March-April. This maximum is no doubt 
partly due to the relative decrease in carbohydrates in the cortex-phloem. 
In the other tissues there is no decrease of carbohydrates but rather an 
increase in March-April. 

The organic nitrogen reserves are at the highest just preceding 
the initiation of new growth. Rippel (1923) has reported experiments 
with Sambucus nigra showing that. during the first spring growth trans- 
location of nitrogen from the stem to the young shoots and leaves is 
very marked. A similar translocation from the apple twig would ac- 
count for the rapid decline of organic nitrogen in spite of the fact that 
the total reserve of carbohydrates also shows a rapid decrease from 
April to May in some of the complex tissues. 

During the summer both the organic nitrogen and the total reserve 
carbohydrate content are relatively constant, and there is only a minor 
drop at the beginning of October, when the total reserve carbohydrates 
increase very rapidly. In the dormant period during autumnal yellow- 
ing of the leaves, there is again a slight rise in total nitrogen until the 
end of December. That there is a migration of nitrogenous com- 
pounds from the leaves to the stem during autumnal yellowing has 
been demonstrated by Combes (1925), who made nitrogen determina- 
tions for the leaves and parts of the stem of green and yellowed speci- 
mens. The stems of the detached branches showed a greater increase 
of nitrogen than those left on the tree, and the lower leaves lost more 
than the upper. On a quantitative basis, Combes (1924) has shown 
with Tilia, Acer, Fagus, Castanea, and Aesculus that from one-half 
to two-thirds of the nitrogenous compounds in green leaves passes into 
the twigs during the normal yellowing. He also reported that no ap- 

_preciable part is lost by leaching (rains and dew). 
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In spite of the fact that a considerable amount of nitrogen passes 
from the leaves into the twigs, there is no great gain in nitrogen on 
a dry weight basis. This may be accounted for in great measure by 
the proportionate increase in carbohydrates during the same period. 
That the nitrogen content remains constant or makes a slight gain 
during this period is evidence that the relative gain in nitrogen is pro- 
portionate to the gain in carbohydrates. On the basis of the entire 
twig, the same tendencies are shown as indicated for the complex tis- 
sues, but in amount of organic nitrogen on a dry weight basis, an inter- 
mediate position between that of the xylem and the periderm-cortex- 
phloem is maintained. 


Amino and Non-amino Nitrogen 


The amino acid content of the 2-3 year portions of apple twigs is 
exceedingly low, as shown in Table XI. 


TABLE XI 


REGIONAL AND SEASONAL DistTRIBUTION oF AMINO NITROGEN IN 2-3 YEAR Portions or APPLE 
Twics, Marcu 7, 1925, TO FEBRUARY 26, 1926 


Expressed in per Cent Dry Weight 


Cortex- Outer Inner xylem- Entire 

Date Periderm phloem xylem pith twig 
Mian ch: ty" scvstercueteroosnebarctinctans 0.230 0.090 0.038 0,076 0.074 
AMD Ale cietarsenieca nm ccteneieieeten rs .296 pe gue .059 .053 .085 
Miay2 BO, Seer ne one .168 133 .046 .085 -083 
GE “20. aie eters eee rene .286 +136 .038 .030 -O71 
September 07 (0 sicieean eine +194 .109 .036 .036 +055 
October towk- secs ere rene .221 .077 +045 +045 -065 
October’ 23.4) .sts werner 234 .077 .028 .063 .053 
December 23 Guages 1231 -043 .031 .O51 .052 
February: 26. 4 <a in cctsiowre 0.111 0.078 0.019 0.034 0,041 


According to this table and ‘Figure 15, the percentage of amino- 
nitrogen in the periderm and cortex-phloem is usually higher than that 
in the xylem tissues. The amino-nitrogen content of the entire twig 
on a dry weight basis follows the trend of the outer xylem, but the 
amount is usually greater except during the first half of the dormant 
period. 

The amino and non-amino nitrogen has been expressed as per cent 
of total organic nitrogen in Tables XII and XIII, and the upper two 
graphs of Figure 14. 

These tables and the upper two graphs of Fei 14 show that 
amino nitrogen is relatively more abundant during the period of most 
rapid growth, May to July, and that non-amino nitrogen is relatively 
low during the same period. The non-amino nitrogen, however, is 
relatively more abundant during the dormant season, October to April, 
and amino nitrogen is relatively low during the same period. ‘This 
is in harmony with the microchemical tests made by Kern (1923), 


COMPLEX TISSUES OF APPLE TREES 49 


who reports that protein substances are much more plentiful in winter 
in the cortex-phloem and parenchyma than during the summer season. 


TABLE XII 


REGIONAL AND SEASONAL DIsTRIBUTION oF AMINO NITROGEN IN 2-3 YEAR PorTIONS oF APPLE 
Twics, Marcu 7, 1925, TO FEBRUARY 26, 1926 


Expressed in per Cent of Total Nitrogen 


Cortex- Outer Inner xylem- Entire 
Date Periderm phloem xylem pith twig 
PARC rales cis sit cydiels bis, 20' 24.73 7.86 10.27 23.03 13.96 
PETA Be Aare atate ry iele\ 8) «ison ovis 28.46 8.76 16.86 12.92 14.40 
WA TDG ale: ctcte Velo kievs/o,s ie oiele 26.66 19.85 25.72 42.50 26.77 
1 hei s See GOES 45.40 26.24 54.28 61.43 41.76 
EDLEINMEDEDG | sinless 0 - > 29.92 18.47 32.72 27.69 25.00 
QDEEBDER ETO fore rsre in siersveivse 35.08 17.22 35.38 41.06 29.54 
OCEONERT 23) Giswiniecsieln src es 35.04 11.16 18.33 37.06 20.38 
DICCEHIDO LS 23 ew airiwiels cis,sis vis 0 34.47 5.51 15.50 28.33 16.25 
BGhrtiaTy saGe siecle n'eis'e ses 15.00 10.68 _ 10.55 18.88 12.81 
—— PERIDERM 
= CORTEX- PHLOEM 
=~ OUTER XYLEM 
Spencer tard INNER XYLEM-PITH 
ctecceeeeeeee ENTIRE TWIC 
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_ Fig. 15. Seasonal distribution of amino nitrogen in periderm, cortex-phloem, outer 
xylem, and-inner xylem-pith. Expressed in per cent dry weight. 


be: 
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TABLE XIII 


REGIONAL AND SEASONAL DistrRIBUTION oF Non-AMINO NITROGEN IN 2-3 YEAR PORTIONS OF 
Appin Twics, Marcu 7, 1925, TO FEBRUARY 26, 1926 


Expressed in per Cent of Tota] Nitrogen 


Cortex- Outer Inner xylem- Entire 

Date Periderm phloem xylem pith twig 
MAP Ch V5! hoe secon tee 75-27 92.14 89.73 76.97 86.04 
POHL Ai. ists s wiev ere gies tere Cotes 71.54 91.24 83.14 87.08 ' 85.60 
May 36, 3 Rt oe earners 73-34 80.15 74.28 57.50 73.23 
WAS? SSOS Ae sieve ea eae iets 54.60 73-76 45.72 38.57 58.24 
September 17 2.2.24. hee este 70.08 81.53 67.28 72.31 75.00 
MEtGVET HIG. oe es Rares 64.92 82.78 64.62 58.94 70.46 
lOGtOber 2g, ne wae arta es 64.96 88.84 81.67 62.04 79.62 
Decembef 2274) Wicatiews ots he 65.53 94.49 84.50 71.67 83.75 
PebSUar yc 20) ae stein icant’ 85.00 89.32 80.45 81.12 87.19 


REGIONAL AND SEASONAL DISTRIBUTION OF ASH 


The apparent seasonal variation of ash in the complex tissues of 
the 2-3 year portions of apple twigs, is indicated in Table XIV and 
Figure 16. 


TABLE XIV 


REGIONAL AND SEASONAL DistTRIRUTION oF ASH IN 2-3 YEAR Portions oF AppLe Twics, 
MakcH 7, 1925, TO FEBRUARY 26, 1926 


Expressed in per Cent Dry Weight 


Cortex- Outer Inner xylem- Entire 

Date Periderm phloem xylem pith twig 

MESGEN Ff ates ie anteaters Bs 2.81 6.88 0.61 0.60 1.84 * 

March 27* : 

A peilt Aoi iausta s.ceteraeheearisios 20g 7.28 61 Ava 2.03 
April 18* 

NE Ay 616: Barri ta wemtnle oeieteres ea 7.67 .60 .51 2.13 
May 30* 

Une: 220 a eeisersmate svar muals 3.88 8.21 62 -43 1.98 

Sepiembeni 7, encircle 253% 8.44 -49 .52 2.03 

WiGhober MEO circse ears hice 3.48 8.22 .59 “51 F 2.18 

October 4*- 
(etoher)-a3) 5 s.ceeyamte steiseaens 3.42 6.46 .68 69. rit op 
November 6* 
Decembers2 3) hie. ents see 2.75 6.94 66 66 1.90 
February 26). oosioidad saws Be 7.00 0.65 0.62 1.05 


* Samples lost during ash analysis; figures for nearest available samples substituted with 
date indicated below. 


The most striking fact brought out in Table XIV is the consider- 
able difference in total ash content in periderm and cortex-phloem 
as contrasted with the xylem tissues. The cortex-phloem has the 
highest percentage, 6.46 to 8.44, followed by the periderm, 2.51 to 
3.88. The woody tissues show only very slight variation. The total 
amount in each case is less than 1 per cent, 0.49 to 0.68 per cent (outer — 
xylem) and 0.43 to 0.69 per cent (inner xylem-pith). The marked 
fluctuations in amount of ash in the cortex-phloem and periderm are 
probably only apparent. The curve for total carbohydrates in the case 
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Fig. 16. Lower, seasonal and regional distribution of ash in periderm, cortex-phloem, 
outer xylem, inner xylem-pith, and entire twig. Expressed in per cent dry weight. 

Upper, seasonal and regional distribution of total carbohydrates (except cellulose) in the 
four complex tissues—periderm, cortex-phloem, outer xylem, and inner xylem-pith. Expressed 
in per cent dry weight. 
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of the cortex-phloem is in some particulars. the reverse of that for total 
ash ; when the carbohydrates are relatively low during the growing sea- 
son the ash content is highest, and when the reserve carbohydrates are 
translocated from the leaves to the twig at the time of leaf-fall, the 
ash is lowest. The same is, in general, true of the periderm. The 
fact that during the growing season both the ash and total reserve 
carbohydrates in the cortex-phloem show the same tendency indicates 
that the mineral matter is increased in proportion to the carbohydrates. 
The apparent decline of ash in the autumn is presumably the result of 
the relatively greater increase of total reserve carbohydrates, as shown 
in Figure 16. The ash content of the woody tissues is apparently quite 
constant, indicating that the ash constituents are increased in the same 
proportion as the carbohydrates. 

When the ash content is expressed on the basis of the whole twig, 
the curve follows, in some particulars, that of the cortex-phloem, on a 
lesser scale. 


Dormant Season 


At the time of autumnal yellowing, part of the mineral constitu- 
ents of the leaves is translocated to the stem. As early as 1878, Schroder 
demonstrated that potassium and phosphorus move back into the stem 
during the drying out of the leaves after freezing. Tucker and Tollens 
(1900) reported that the mineral elements in the leaves do not all pass 
to the twigs before leaf-fall, for rains and dews leach out a part. 

Ramann (1912) pointed out that in frozen leaves the translocation 
of mineral constituents must take place in a short time between the 
thawing and drying of the frozen leaves: According to this authority, 
this may take place in a few hours. 

The increase in mineral constituents in the twig due to the trans- 
location of part of these elements from the leaves at the time of leaf- 
fall, is counterbalanced by the relatively great increase in total carbo- 
hydrates in the twig, so that in spite of the increase the percentage 
of ash on a dry weight basis shows an apparent decrease due to the 
relatively much greater proportion of carbohydrates. This is shown 
plainly for the periderm and cortex-phloem in Figure 16. 


Migration of Mineral Constituents from Stem to Shoots and Leaves 


The greater portion of the reserve mineral elements which have 
passed into the stem during normal autumnal yellowing is probably 
transported back to the expanding shoots in the spring together with 
mineral elements absorbed from the soil. Rippel (1923) reports that 
during the first spring growth of Sambucus nigra translocation of 


| 
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potassium and phosphorus from the stem to the young shoots and leaves 
is very marked. 


PRACTICAL APPLICATIONS 


Altho the primary aim of the research was to add to our scientific 
knowledge of apple physiology, the work was undertaken with a realiza- 
tion of the practical bearing of such contributions on horticultural 
research and practice. A better understanding of the functioning of 
the complex tissues of the apple twig is of immediate interest in the 
study of such problems as (1) the technic of sampling twigs, roots, etc. ; 
(2) nutrition, (3) winter hardiness, and (4) translocation. 


Analysis of Plant Organs 


In the discussion of methods of procedure it has already been pointed 
out that the variation in the proportion of the various complex tissues 
during the season, due primarily to the difference in diameter of the 
organ, to changes of weight independent of volume, and to growth and 
senescence of tissues, puts the gross analysis of plant organs, twigs, 
spurs, roots, etc., on the defensive. The error from these sources 
should be fully realized when seasonal studies of plant organs are 
undertaken. 


Nutrition 


Since the appearance of the work of Kraus and Kraybill (1918) 
on the carbohydrate-nitrogen ratio as related to fruit bud formation 
in the tomato, it has been customary to extend this concept to apple 
physiology. The ratio has been variously expressed by different work- 
ers—sugar, starch, or total reserve carbohydrates over nitrogen. In 
order to test the validity of such a procedure with 2-3 year portions 
of apple twigs, the data have been expressed in these terms for the 
entire twig and for the four complex tissues, periderm, cortex-phloem, 
outer xylem, and inner xylem-pith, as shown in Table XV. The ratios 
are shown graphically in Figures 17, 18, 19, and 20. 

In Figure 17 the ratios are shown on the basis of the entire twig. 
The acid-hydrolyzable hexosan—nitrogen, and the total carbohydrate— 
nitrogen ratios follow the same tendencies, but the latter is very much 
higher at all seasons of the year. The total sugar—nitrogen ratio fol- 
lows a trend different from the preceding ratios from September to 
.February. ; 

Figure 18 shows that the total sugar—nitrogen ratio for all the 
four complex tissues is similar, with differences in magnitude during 
certain periods in the year. 

’ _ The hydrolyzable hexosan-nitrogen ratio shows differences in trend 
for the woody tissues as contrasted with the periderm and cortex- 


j phloem. Figure 19 shows that in the xylem tissues the decline from 
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the summer maximum begins in June, but in the periderm and cortex- 
phloem there is a steady rise until September or October before a 
decline sets in. 
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Fig. 17. Carbohydrate-nitrogen ratios; entire twig; total sugar-nitrogen ratio (1); 
acid-hydrolyzable hexosan-nitrogen ratio (2); and total carbohydrate-nitrogen ratio (3). 


As shown in Figure 20, the total carbohydrate—nitrogen ratios show 
tendencies similar to those just described, but the ratios for the woody 
tissues are extremely high. 
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TABLE XV 


CARBOHYDRATE-NITROGEN Ratios: PERIDERM; CorTEX-PHLOEM; OUTER XyLemM; INNER XYLEM- 
Pity, AnD WHOLE TwiGs; IN 2-3 YEAR Portions oF APPLE TwIcGs 


Marcu 7, 1925, TO FEBRUARY 26, 1926 


4 Cortex- Outer Inner xylem- Entire 
Date Periderm phloem xylem pith twig 


Total Carbohydrates / Total Nitrogen 


PDR OTN REM en. wneig ose «oye 16.2 23.21 84.02 88.00 53-56 
Fata) «| Ue Becht ed Seneca ae 20.58 16.76 86.71 78.92 48.28 
INGA Vara, Me ah, fata ocs ies, aces 9 34.79 32.19 141.33 144.95 81.80 
PREIS TAO) terncafefelsia Wietese Gre. Sa 33.22 46.32 407.14 632.80 165.70: 
September: TF io. osc vs 39.07 49.34 257.45 222.07 126,77 
OGLODET TRE, Gav acrsisisies wae 35-26 59.26 223.30 256.00 126.09 
NOCHE TINS Sy fecie eels, ayers voiieue''s,« 38.07 43-33 200.33 181.41 119.76 
Wecember 623) Aired citeiesiseas 36.94 38.05 155-45 183.94 97.31 
PRGA ANY) (ON fare e ecele ive oi 24.17 36.09 159.16 183.83 91.75 
Total Sugars / Total Nitrogen 
BVIET Gl ah? 4 Ae ce eee ny ene 4.72 8.35 9.00 9.78 8.49 
RADI arom Pees sUeieK <6) #\*, 516s 5.76 4.33 3-42 3-34 4.15 
IVICA Vane Gums laferk sicidie 2\e;900,0"s 10.14 6.14 4.94 5.30 6.15 
PUTAEO MAGMA ieeeire ahe(si'0i's vie! -a!>-s 9.41 10.78 11.57 16.60 11.58 
September 17 G.-.f. dae ess 7253 9.25 5.18 5.46 7.59 
CEO DETAEIO) A stoke cea 'ais o/s sie sas 9.31 12.57 7.00 8.72 11.40 
(Oe fo (or ee AP 14.67 17-49 11.60 13-35 14.96 
DBCEMPET Si ioe s:00si0\0:a.0 0% 17.97 16.88 29.30 45.05 25.96 
INeGDEATN: BU Gn fants eee ss 8.60 12.15 23.82 34.22 20.28 


Acid-Hydrolyzable Hexosans / Total Nitrogen 


TALC oOo vepsincisieae sieidl a a's E.27, 2.80 19.64 27.27 12.45 
PACD Gilacdie omteretstelcs ajasye Verein 2.49 3:73 20.22 25.09 12.23 
layin G2 saistcteyeie ialevsis)a cies 03.0 1.65 4.04 5.50 33.80 9.48 
GCAO So ripieleietrncrs its. «rs sie. 7.90 8.61 81.28 165.80 36.82 
MEPTEMIDEL FP aiciain ties sievele © 11.32 10.47 44.00 40.23 24.13 
DELO DERI TO eb tere iisn.s o sy0s 8.90 tse 7.3 44.38 35.90 24.36 
OGEOWEH A ame stn stars osc 8. o's 076 2.22 1.88 46.73 45.70 23.61 
Decembety 23 2.o.c00- 0.35 0.88 15.65 17.55 7.90 
EDEUATNIROO. ses Siecs so ele 2.06 3.23 25.11 28.11 14.18 


In all the cases considered above, the ratios for the entire twig 
follow the trend of the woody tissues as shown in Figures 18, 19, 
and 20. Apparently the results obtained by analyzing entire twigs 
would give values in most cases that approach the tendencies inherent 
in the xylem, the moisture transport, and the storage organ, since the 
trend in the cortex-phloem is not the same except in the total sugar— 
nitrogen ratios. 


Winter Hardiness 


Experiments by Beaumont and Hildreth (1927) and other workers 
have shown that there is a difference in the resistance of the various 
tissues of the terminal apple twig to low temperatures during the 
winter. In such researches the microchemical observations should be 
reinforced by macrochemical analyses whenever possible. By study- 
ing the complex tissues separately, a basis would be afforded for in- 
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terpreting, if possible, the variability to cold resistance on a quantita- 
tive chemical basis. 
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Fig. 18. Total sugar-nitrogen ratios; periderm, cortex-phloem, cuter xylem, inner x. lem- 
pith, and entire twiz. ‘ 


Translocation 


In order to obtain an adequate conception of the translocation of 


materials in the tree as a basis for nutritional studies, the methods 


described should be extended to the entire tree—roots, trunk, branches, 


twigs, first-year shoots, buds, leaves, flowers, and fruits. The extent 
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Fig. 19. Acid-hydrolyzable hexosan-nitrogen ratios; periderm, cortex-phloem, outer 
x_lcm, inner xylem-pith, and entire twig. 


of the separation of the complex tissues would depend upon the nature 
of the organ, but the regional study should be made whenever prac- 
ticable. For such a survey, 6-8 year trees, on their own roots, grow- 
ing under the same conditions and with similar performance records, 
should be utilized. If possible, the experiments should be carried out 
on trees grown in tubs in the greenhouse under controlled temperature 
and moisture conditions. The data, when interpreted, would afford 
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a much truer conception of the translocation of materials on a quanti- 
tative basis, and would reveal a dynamic picture of the functioning of 
the tree as a whole. 
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Fig. 20. Total carbohydrate-nitrogen ratios; periderm, cortex-phloem, outer xylem, inner 
xylem-pith, and entire twig. 
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CONCLUSIONS 


The results presented and discussed in the preceding pages may 
now be summarized... 


Methods 


1. A method has been suggested for the separation of the complex 
tissues of woody plant stems for macrochemical analysis. 

2. The macrochemical analysis of plant organs in seasonal studies. 
has been put on the defensive. The error introduced by the difference 
in diameter of twigs and seasonal changes in absolute amount of dry 
matter independent of volume in the complex tissues, may be quite 
significant. 

Moisture © 

3. In 2-3 year portions of apple twigs, the moisture content of the 
cortex-phloem is always highest and that of the periderm usually lowest. 
The two complex tissues, outer xylem and inner xylem-pith, follow the 
same general trend except that the percentage of moisture in the outer 
xylem shows a tendency to run higher at practically all times of the 
year. This is especially true during summer. 

4. The summer moisture maximum in all the tissues was reached 
during the season of greatest precipitation, over 70 per cent. 

5. The outer xylem apparently serves as the complex water-supplying 
tissue. The moisture content of this complex tissue follows the rainfall 
curve fairly closely. The complex tissues—periderm and cortex- 
phloem—seem to act independently of the total precipitation after a 
certain maximum has been reached, selecting the amount of water re- 
quired from the common supplying tissues. 

6. The drop in moisture of the periderm in June may be due to: 
the differentiation of the phellem—with the cessation of life processes. 
the moisture relations are those of dead suberized tissue. 

7. On the basis of the entire twig, the individuality of the complex 
tissues naturally disappears and the tendency of the tissue in greatest 
relative abundance, outer xylem, is reflected. 

8. The temporary decline in moisture content during the transition. 
periods, March to April, and September to October, can not be ade-- 
quately explained from the present data. It appears, however, that 
the moisture decline may be bound up with the chemical and physical 
changes of the protoplasm during the transition periods. 

g. During the first part of the dormant period, October to Decem- 
ber or January, there is a fairly marked decline in moisture content 
of all tissues. After this time until March, the moisture rises rapidly 
in the cortex-phloem and slightly in the inner xylem-pith, and declines 
slightly in the outer xylem. There is a continual decline in moisture 
content in the periderm during the entire period. 
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10. The trend in moisture content of the cortex-phloem and woody 
tissues is similar throughout the year, but. the cortex-phloem is much 
more subject to marked fluctuations within the general trend, the outer 
xylem less so, and the inner xylem-pith least of all. The trend of 
the moisture content of the periderm departs from that of the other 
tissues in June to July. 

11. From the end of December to the end of January, the moisture 
content of the complex tissues is not constant, but when the data are 
expressed on the basis of the entire twig the moisture content is prac- 
tically constant. 


Carbohydrates 


12. On a dry weight basis, the total reserve carbohydrate content 
of the woody tissues is higher than that of the cortex-phloem at all 
times of the year, and that of the periderm is usually lower than that 
of the cortex-phloem. 

13. The maximum in total reserve carbohydrates is reached in all 
the tissues after leaf-fall. 

14. The pentosan content forms a relatively large proportion of 
the total reserve carbohydrates. 

15. The fluctuations in pentosans at the beginning of the growing 
season are in great measure due to relative decreases in acid-hydro- 
lyzable hexosans. Increases on a dry weight basis after leaf-fall dis- 
appear when expressed on the basis of per cent total reserve carbo- 
hydrates, showing that the pentosan content rises in proportion to the 
other reserve carbohydrates in the periderm and cortex-phloem. In 
the xylem tissues the increase in pentosans is relatively less than that 
of other reserve carbohydrates. 

16. The acid-hydrolyzable hexosan content of the xylem tissues is 
usually greater than that of the periderm and cortex-phloem, and the 
latter reach a lower minimum than the former. 

17. During the summer the acid-hydrolyzable hexosan content is 
built up in the periderm, cortex-phloem, and xylem tissues. In the 
xylem tissues there is a decline to a minimum in early October with a 
quick rise during the same month. 

18. With the approach of cold weather there is a quantitative 
change of hexosans into sugar, beginning in September-October for 
the periderm and cortex-phloem and in October for the xylem tissues. 
The total sugars are also increased, owing to translocation from the 
leaves at time of autumnal yellowing. 

19. There is a general depletion of hexosans in May in all the 
issues, owing to translocation of sugar used in growth extension. 


20. In the periderm and cortex-phloem there are two hexosan _ 
naxima, September-October and March-April, and two hexosan minima, . 


i —s 
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December-January and May. In the xylem tissues there are appar- 
ently three hexosan maxima, October-November, March-April, and 
June; and three hexosan minima, September-October, December-Janu- 
ary, and May. 

21. During the winter minimum the hexosans disappear almost 
completely in the periderm and cortex-phloem, and are reduced more 
than 50 per cent in the xylem tissues. The value for sugars is twice 
as great as that of the hexosans at the minimum. This is not in agree- 
ment with the work of Alfred Fischer (1891). The difference in 
results is due to the technic used by Fischer, which gave him only 
a measure of the glucose in the vessels of the xylem. 

22. The total sugar content of the periderm and cortex-phloem is 
always markedly higher than that of the xylem tissues. 

23. All the tissues follow the same trend as far as total sugars are 
concerned. 

24. During the winter the reducing sugar content of the periderm 
and cortex-phloem is higher than that of the non-reducing sugars, but 
this is reversed in the xylem tissues. 


Nitrogen 

25. The nitrogen content of the complex tissues of 2-3 year por- 
tions of apple twigs is extremely low, rarely rising above one per cent 
on a dry-weight basis in the periderm and cortex-phloem, and remain- 
ing below 0.5 per cent at all times in the outer xylem and inner xylem- 
pith. 

26. As regards nitrogen content, the periderm, cortex-phloem, outer 
xylem, and inner xylem-pith follow the same trend throughout the year. 

27. The nitrogen maximum is reached in March-April just pre- 
ceding rapid growth extension. 

28. After the marked decline in nitrogen with rapid growth exten- 
sion, the nitrogen content is relatively constant during the summer. 

29. From leaf-fall and through the winter the nitrogen content 
remains practically constant, with very slight downward or upward 
changes. This means that the nitrogen content increases in proportion 
to the carbohydrates in the fall, and the slight changes may be due to 
loss of combustible material by respiration or gain or loss in dry matter 
by translocation. 
. 30. The amino-nitrogen content is highest during the growing sea- 
son, decreases as the rest period approaches, and reaches a minimum 
_ during the dormant season. 
31. The non-amino or protein nitrogen is highest during the dormant 
_ season, decreases as the active growing season approaches, and reaches. 
a minimum in June. 
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32. The non-amino or protein nitrogen is consistently higher in 
the cortex-phloem than in the periderm and xylem tissues. 


Ash 


33. The amount of ash in the periderm, 2.51 to 3.48 per cent on 
a dry weight basis; cortex-phloem, 6.46 to 8.44 per cent, is higher than 
the mineral constituents in the xylem tissues, always below 0.7 per cent. 

34. The fluctuations in ash content in the periderm and cortex- 
phloem may be misleading, and are apparently due to the relatively 
great fluctuations in total reserve carbohydrates. An apparent decline 
is indicated at the time a portion of the mineral constituents of the 
leaves is transported to the stem. ‘This apparent decline is the result 
of the relatively greater increase of total reserve carbohydrates. 

35. The ash content of the woody tissues is relatively constant, 
showing that the ash constituents are increased in proportion to the 
carbohydrates. 

36. The increase of ash in cortex-phloem during the growing sea- 
son shows the same tendency as the rise in total reserve carbohydrates, 
indicating that the mineral constituents are increased in proportion to 
the carbohydrates during this period. 


SUMMARY 

A method of separating the complex tissues of 2-3 year portions 
of apple twigs, periderm, cortex-phloem, outer-xylem, and inner xylem- 
pith, for the purpose of macrochemical analysis is described. The 
method may be applied to other plants. 

The variation in the relative proportions of the diem complex 
tissues during the season, owing to the difference in the diameter of 
the organ, to changes of weight independent of volume, and to the 
growth and senescence of tissues, points to the fact that in the gross 
analysis of plant organs—twigs, spurs, roots, etc.—in seasonal physi- 
ological studies, errors may be introduced which may minimize the 
usefulness of the results. 

The seasonal macrochemical analysis of the four complex tissues 
of 2-3 year portions of apple twigs for moisture, carbohydrate, nitro- 
gen, and ash fractions shows that the gross macrochemical analysis of 
plant organs (entire twigs) does not give a true picture for physiological — 
studies. In most cases, when the data are expressed on the basis of 
the entire twig the tendency of one of the complex tissues, outer 
xylem, in greatest relative abundance, is reflected overshadowing the 
individuality of the other complex tissues. Accordingly, in seasonal 
macrochemical physiological studies, the complex tissues of the entire 
organ should be separately analyzed. 
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The seasonal changes in. the moisture, carbohydrate, nitrogen, and 
ash fractions of four complex tissues, periderm, cortex-phloem, outer 
xylem, and inner xylem-pith are traced and the rédle of such changes 
in the normal physiology of the woody stem is discussed. 

The application of the method described in the study of 2-3 year 
portions of apple twigs under central Minnesota conditions seems to 
indicate that the conclusions of Alfred Fischer (1891) regarding the 
“Starkebaume” (starch-storing trees), do not hold for the apple variety 
studied. The increase in total sugars and a decline of acid-hydrolyzable 
hexosans, in both the cortex-phloem and the xylem tissues, with the 
approach of winter is apparently the outstanding fact from the stand- 
point of food storage during the dormant season. Such trees should 
more properly be designated as “Zuckerbaume” (sugar-storing trees). 

The usefulness of the method described in the study of translocation, 
nutrition, and winter hardiness in plants is discussed. 
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LENGTH OF TRACHEIDS IN JACK PINE IN RELATION TO 
THEIR POSITION IN THE VERTICAL AND 
HORIZONTAL AXES OF THE TREE 


By Davin A. Kriss 


INTRODUCTION 


It has long been known that the length of the tracheids of coniferous 
woods is influenced by the growing conditions and the environment 
of the individual trees. As far as the writer has been able to ascertain, 
however, no information is available regarding these relationships in 
_ Pinus banksiana Lam. (jack pine). The object of the investigation 
was to determine the relationship between length of the tracheids 
and their position vertically and horizontally in the axis of the tree; 
also to determine tke variation in length of the tracheids in spring 
wood and summer wood. 

The wood of jack pine resembles that of Norway and white 
pine, altho the lumber usually contains more knots, as the branches 
of jack pine are very persistent. The sapwood is white, the heart- 
wood is pale brown. Trees under 50 years of age are composed 
mostly of sapwood. In trees from €0 to 100 years of age sapwood 
constitutes about 50 per cent of the volume. Growth rings vary 
from narrow to very wide, depending largely on growing conditions. 
The summer wood is dense and forms about 30 per cent of the volume 
of the annual ring. The transition from spring wood to summer wood 
is abrupt. According to Newlin and Wilson (14), the wood of jack 
pine shrinks 10.4 per cent in volume, 3.4 per cent radially, and 6.5 per 
cent tangentially, when the moisture content is reduced from green to 
oven-dry condition. The specific gravity of oven-dry jack pine wood 
based on the volume when green is 0.39. The air-dry wood contains 
about 12 per cent moisture and weighs approximately 30 pounds per 
cubic foot. 

Microscopically, the structure of the wood resembles that of the 
other hard pines. According to Meyer (10), the rays constitute 8.10 
per cent of the total volume. The size of jack pine tracheids has been 
studied. by Penhallow (11), who found that spring wood tracheids 
are 34 microns across in a tangential direction and 52 microns across 
in a radial direction, while those of the summer wood measure 21 
_ by 36 microns. The thickness of the cell wall in spring wood is 2.4 
“microns and in summer wood 6 microns. 
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HISTORICAL REVIEW 


The length of tracheids in various species of Wood has received little 
study. Sanio (12), in 1867, was probably the first investigator to pub- 
lish results dealing with the length of tracheids. He found that in the 
cross-section of a stem or branch the tracheids increase in size for a 
certain number of annual rings from the pith until a maximum is reached, 
after which the size remains constant. He also found that tracheids 
in a given annual ring increase in size from the ground upward until 
a certain maximum is reached and then decrease in size toward the 
top. Sanio also states that there is no relation between the width of 
annual ring and the length of tracheid. 

Shepard and Bailey (3), as a result of their study on white pine, 
Douglas fir, and spruce, agree with Sanio that no relationship exists 
between width of ring and length of tracheid, but disagree with him 
regarding the occurrence of a constant maximum tracheid length. The 
conclusions of Shepard and Bailey were confirmed by Miss Gerry (5, 6) 
and by Lee and Smith (7), altho these investigators claim that a greater 
growth in diameter may be correlated with a shorter tracheid. 

Mell (9), working on the wood of black walnut, concludes that fast 
growing trees on deep black soil produce larger and longer wood fibers 
than trees that grow less rapidly on poorer soils. Likewise, MacMillan 
(8), in his work on red spruce, concludes that suppressed trees contain 
a higher percentage of short tracheids. Conversely, the wood of free 
grown trees contains a higher percentage of long tracheids. 


MATERIALS AND METHODS 


Seven trees of jack pine growing on the Cloquet Forest Experi- 
ment Station, Site I, were selected for the investigation. The trees 
were cut one foot above the ground. From each of the seven trees, cuts 
were made at intervals of 10 feet from the stump to the top. 

Two trees were selected for the measurement of tracheids from 
spring and summer wood. From each section a block of wood about 
one-quarter of ‘an inch square and one inch long was taken from the 
annual ring next to the pith and from every tenth ring from there out 
to the bark. In these two trees, the spring and the summer wood were 
carefully separated in each block. Small blocks were cut from the other 
five trees in a similar manner, but no attention was paid to the separa- 
tion of the spring and the summer wood. 


Method of Macerating the Tracheids 


Each small block was cut into pieces about one millimeter in cross- 
section and 10 millimeters in length. These pieces were put into test 
tubes containing 1o cc. of a 50 per cent solution of nitric acid to which — 
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was added 0.3 gram of potassium chlorate. The test 
tents were then submerged im boiling water for from 8 to 
lf cooked longer that this, some of the tracheids were | 
At the expiration of Ito mimutes the test tubes were removed from the 
boiling water and the tracheids were weieedd with a small quantity c 
tap water. ; 


Method of Measuring the be ereeacinacy 
The tracheids were measured as soon as pos E 
A projection method was used. employing a 
lamp, triple condensors, and water cell. The lig 
2 microscope fitted with 2 48 millimeter objective a 
About too tracheids were transferred from the bottle to a clean 


glass shde by means of a dropper. The excess water was absorbed 


Fig. t Apparates Used ip Determining 
and a few drops of glycerine were added. after which a cover glass 
Was puton. The image was projected from a prism through a light- 
tight box on a sheet of paper. The perfect tracheids were then drawn 
on the paper. the ends being carefully marked. 

The.shde was so moved about on the stage of the microscope that 
measurements were not duplicated. After the tracheids were projected 
and drawn, a millimeter scale was projected, using the same magnifica- 
“tion. This scale was transferred to flexible aluminum tape and checked 

)#Or accuracy. A total of 12,500 tracheids were drawn on paper and 


measured directly in millimeters. © 
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EXPERIMENTAL RESULTS 


The data from the seven trees were averaged together by sections. 
The data for each section were plotted as separate curves, using the 
length of the tracheids in millimeters as the ordinate and the age of 
the tree in years as the abscissa. The tracheid length for each age class 
in the individual curves was replotted, replacing age of tree in years by 
height above ground in feet as the abscissa. This procedure resulted 
in the curves shown in Figure 2, which indicate the relation between 
the length of the tracheids and their position in the vertical axis of 
the tree. 

The curves in Figure 3 were constructed by replotting the values 
from the smoothed curves in Figure 2. The values given in Table I 
were taken directly from the curves in Figure 3, the tracheid lengths 
being taken at five-year intervals. Table I shows that in the annual 
ring next to the pith the tracheids increase in length rapidly from the 
base to the section at 21 feet above the ground, after which the length 
remains practically constant to the top of the tree. From the first 
annual ring to the 4oth, the tracheids increase in length to the section 
at 41 feet above the ground, then decrease in length to the top. From 
the 45th to the 8oth annual ring, the tracheids increase in length to 
the section at 31 feet above the ground, then remain practically constant 
or increase slightly in length to the top. 


TABLE I 


RELATION OF AGE AND PosiTIon IN VERTICAL Axis TO LENGTH OF TRACHEIDS 
Length of Tracheids in Millimeters 
(Data from Curves in Figure 3) 


Height above ground, feet 


Age, 
years I II 21 31 AI 51 61 
ERS ca CR EU RIO of al 1.10 1.20 1.35 1.40 1.42 1.40 1.45 
ST AO oR Ore eo ie 175 2.00 2.20 2.40 2.45 2.25 2.10 
TO ahaha: cketendOs ah Aepa jel Mea Re 2515 2.50 2275) 2.95 2.90 2.75 2.60 
Eyretade re sceiin kel ecleuse stain y here beatae 2.40 2.95 3-20 3.25 3-25 305 2.92 
DOT st anh eT eS 2.58 3.20 3-45 3-50 3-50 3-30 3-20 
i ee ots acne PES CSE 2.75 3-40 3-60 3:70 3.70 355 3.0 
LO erry ene RNS EMEC ERA ys 2.86 3-50 3.80 3.85 3.85 3.72 3.62 
Ail clo ole a NOu aia tog ond 2.96 3.65 3.90 3.98 3.98 3.90 3.20 
AO Guts emis cca<c alec aioe ete 3.08 Be75 4.00 4.08 4.10 4.05 4.00 
TP RAE SESE, os eee A hey 3-15 3.80 4.08 4.16 4.20 425-05 ee 
BOs vey Marehoie’e oie re Mente eke 3-22 3.85 4.15 4.25 4.25 4.35 4.45 
Pei iava reialletcaitiatiadee sts Seu etal neuer shes 3.88 4.20 4.30 4.32 445 4.50 
GOR aieke ra tea onsale ate eer 3:25 3.90 4.24 4.32 4-35 4.50 4.50 
GU aUneraeya bed Shake tae maki 3-30 3-92 4.25 4.35 4.40 J 
FOG walal erase nioraeie aN eerie 3-30 3.92 4.25 4.35 4.40 
7 duets cals te Meahenyestk aia eines 3-30 3-95 4.30 4.40 4.45 
Omnis x A reyetauberyrars mitrn see 3.30 3-95 4.30 4.45 
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An analysis of the data given in Figure 3 and Table I indicates that 
the tracheids in the cross-sections at 1 foot, 11 feet, 21 feet, 31 feet, 
and 41 feet above the ground increase rapidly in length with the age 
of the tree up to about 40 years, after which the length increases slightly 
or remains constant to the bark. The tracheids in the sections 51 and 
61 feet above the ground increase in length rapidly with the age of 
the tree from the pith to the bark. The curves at 41, 51, and 61 
feet above the ground are more linear than those representing the 
other cross-sections. A biometrical study of the data in question 
confirms this conclusion. It is also evident that the longest tracheids 
are found in the rings from the 5oth to the bark in the higher parts 
of the trunk, or from the section 31 feet above the ground to the 
top of the tree, and that the maximum lengths are found near the bark 
in the cross-section at 51 and 61 feet above the ground. 

Table II shows the average maximum and minimum _tracheid 
lengths for all trees. The table was prepared by averaging the maxima 
and minima in each section of the seven trees. 
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Fig. 2. Reation of Length of Tracheids and Their Position in Vertical Axis of Tree 


Table IJ shows the same relations given in Table I. It is evident 
from Table II that the average maximum tracheid length is 5.05 milli- 
meters; the average 3.20, and the minimum, 0.75. 

In Table III are given the results obtained by averaging the length 
of the spring and the summer wood tracheids for each section in two 
trees. Altho there are a few apparent exceptions, the summer wood 
tracheids are somewhat longer than those of the spring wood. 
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Fig. 3. Relation cf Age to Length of Tracheids at the Cross-Sections 1, 15, 21, 31, 41, 5%. 
and 61 Feet Above Ground 
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It seemed desirable to test the reliability of certain of the relation- 
ships that have been brought out above by the calculation of biometric 
constants for two of the trees.* 

The standard deviations for both age of tree and length of tracheids 
for each section in the two trees are necessary for the determination 
of the correlation coefficient, r, measuring the relationship between the 
age of the tracheids and their length. These are shown in Column 1, 
Tables IV and V, respectively. 

The correlation coefficient measuring the relationship between age 
and tracheid length for each section in the two trees appears in Column 
2, Tables IV and V. 

These are substantial values and unquestionably significant. As 
the plotting of the mean tracheid lengths for each cross-section, as shown 
in Figure 3, indicated that a straight line relationship between length 
of tracheid and age does not exist, the correlation ratio, 7, between age 
and tracheid length was determined for each cross-section in the two 
trees and is given in Column 3, Tables IV and V. 


TABLE IV 
STANDARD DEVIATION, CORRELATION COEFFICIENT, CORRELATION RATIO, AND BLAKEMAN’S 
CRITERION FOR EAcH SEcTION IN TREE F 


I II Ill Iv- 
Standard deviation 
Section Correlation Correlation Blakeman’s 
Length of Age of coefficient ratio criterion 
tracheid tree, years 
HOS ae ow RE ICLC 0.8003 23.1054 0.5152 0.9390 16.90 
De etre as nnienete 0.9880 20.8865 -6931 -9463 10.38 
Sani orleans 0.8368 19.7877 +5492 -8826 12.79 
yh Pag eerie 1.2013 17.8302 _ .8139 -9456 6.53 
BW ee wey ne 1.0575 16.3682 -7166 -9283 8.57 
Gita liveislchas esters 0.9768 13.3207 -8352 -9207 4-70 
SERRE OEE OP 0.9500 9.3140 0.9066 0.9413 2.68 
TABLE V 


STanpaRD DEVIATION, CORRELATION COEFFICIENT, CORRELATION RATIO, AND BLAKEMAN’S 


CRITERION FOR Eacu SEcTION IN TREE G 


I II IIl IV 
Standard deviation , 
Section Correlation Correlation Blakeman’s 

Length of Age of coefficient ratio criterion 

tracheid tree, years 
Teeyovata. en etarewys, © 0.7976 25.8199 0.8212 0.9538 8.10 
Doe us State wee 1.0658 22.9129 -8557 -9569 - 6.57 
Ce EE PRACTISE 1,0606 21.1168 -8464 -9636 6.64, 
Aue le rate stele ayatore 1.0149 19 3750 -8471 -9734 6.92 
ee BOC 0.9655 17.0782 .8779 -9724 5.52 
eirrcicr Cuchi tees i 0.9926 14.1421 -9027 -9704 4.24 
CFO Stace a OS 0.7385 11.1803 0.9507 0.9380 1.24 


1 Thanks are due to Dr. J. Arthur Harris, of the Department of Botany, for help in this 
phase of the work. 
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As 7 is the ratio of the standard deviation of the weighted means 
of arrays of tracheid length to the standard deviation of tracheid length 
in the whole series, it is always positive. The value of 7 is independent 
of the form of the distribution of the means of y, where y represents 
the length of the tracheids. It is therefore valid whether the mean 
exhibits a straight or a curved line relationship to age. 

The correlation ratio is high for each section. In both trees it is 
of the order » = 0.95. This shows that the deviation of tracheid length 
from the regression curve will be relatively small. Estimates read from 
such curves will therefore represent a relatively high degree of accuracy. 

At a distance of one foot above the ground the difference between 
the correlation ratio, 7, and the correlation coefficient, r, is very large. 
In successively higher sections the correlation ratio and the correlation 
coefficient approach each other until they become nearly identical in 
that section when near the top of the tree. 

As the correlation coefficient, r, and the correlation ratio, 7, ap- 
proach each other in successively higher cross-sections, the regression 
line for these sections appears to be changing form. In order to test 
this assumption, Blakeman’s (4) criterion of linearity of regression 
was employed. This is a formula involving both the correlation co- 
efficient, r, and the correlation ratio, 7. If the criterion 


Gacy iN patios I 
PE 7449. 2 TORY Rep acte ny”)? x (3S £7)? 
where els ge a 


is less than 2.5, the regression is linear; if greater than 2.5, it is probably 
significantly non-linear. 

The application of Blakeman’s test to both trees showed a large 
value for the criterion at the base of the tree, which gradually became 
smaller at higher levels, as shown in Tables IV and V, Column 4. 

As the correlation coefficient, r, rapidly approaches the correlation 
ratio, 7, in passing from the base to the top of the tree, and as the 
values of Blakeman’s criterion diminish rapidly from the base to the 
top, it is clear that for each successively higher cross-section from the 
base to the top of the tree there is a closer approach to a linear rela- 
tionship between tracheid length and age of tree, or that the increase 
in the length of the tracheid is more directly proportional to age. 


DISCUSSION AND CONCLUSIONS 


The results of this investigation are in harmony with those obtained 
by other investigators, in that it was found that tracheids increase in 
length from the base of the tree upward until a certain maximum 
length is reached and then decrease in length to the top of the tree. 
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On the other hand, it is found that in jack pine the length of the 
tracheids in the annual ring next to the pith remains constant after 
this maximum is reached and that the length of tracheids in the rings 
from the 45th to the bark either remains practically constant or slightly 
increases to the top of the tree. 

These results agree with those obtained by Shepard and Bailey (3) 
in connection with their study of the variations in length of coniferous 
tracheids, in that, in the rings near the bark, the maximum tracheid 
length occurs in the higher parts of the tree. 

The results of this study partly agree with those of other inves- 
tigators, in so far as it was found that the tracheids increase in length 
rapidly up to a certain maximum with age, after which, as Shepard 
and Bailey (3) point out, there is a marked decrease for ten years, 
then an increase. According to Lee and Smith (7), there are com- 
paratively small irregular increases or decreases in tracheid length with 
a slight average increase toward the periphery. The results of this 
investigation show that after this maximum length is reached, the 
tracheid length remains constant or increases slightly to the bark for 
the cross-sections in the lower part of the tree and increase rapidly in 
length from the pith to the bark in the higher parts of the tree. The 
results also agree with those of Lee and Smith (7) in that they show 
the summer wood tracheids to be slightly longer than those oi the 
spring wood. 

A result brought out in this investigation that has not been men- 
tioned by previous workers, is that from the base to the top of the 
tree each successively higher cross-section shows a greater degree of 
linear correlation between age and tracheid length. This fact is clearly 
shown in Tables IV and V. A possible explanation of this fact is that 
the tree in the sapling stage has a small crown, small trunk, few branches, 
and a comparatively small root system. Each year added to the life 
of the tree increases the development of the crown, trunk, branches, 
etc. It is conceivable that the younger tracheids near the top or in 
the crown of the tree have a greater reserve food supply to draw on 
than the correspending tracheids had when the tree was in the sapling 
stage. _ 
It is claimed by Bailey (1) that the size of the cells in the secondary 
xylem is determined by the size of the cambium initials and also by 
changes that take place in their derivative cells during differentiation 
into tracheary elements. He also points out that the cambial initials 
of conifers increase rapidly in length up to about 100 years of age 
and then remain constant, and that by allowing for a 5 to Io per cent 
error it is possible to use the tracheids of gymnosperms as indices of 
the approximate length of the cambial initials. 
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According to Bailey (2) the anticlinal divisions in non-stratified 
meristems are pseudo-transverse, the fusiform initials elongate, sliding 
by one another, until they attain a certain size. They then divide by 
means of a more or less oblique partition into two short halves which 
in turn elongate and divide. Owing to the fact that the cells do not 
divide and elongate in unison, there is a considerable variability in the 
length of adjacent initials. 

It seems to the writer that the whole problem of tracheid growth 
depends upon three important factors—the frequency of cell division, 
the amount of elongation before division, and the amount of elongation 
of the daughter cells. Therefore, if such growth factors as quality of 
soil, moisture conditions, and light requirements could be correlated 
with the above factors, the gause of the difference in tracheid lengths 
might be determined. 


SUMMARY 


1. The results of measuring 12,500 tracheids in seven trees show 
that the maximum tracheid length in jack pine is 5.05 mm., the average 
3.20mm., and the minimum 0.75 mm. 

2. From the base to the top of the tree each successively higher 
cross-section shows a greater degree of linear correlation between age 
and tracheid length. 

3. For the annual ring next to the pith, the tracheids increase in 
length rapidly from the base to the section at 21 feet above the ground, 
after which the length remains practically constant. 

4. From the first annual ring to the 4oth, the tracheids increase in 
length to the section at 41 feet above the ground, then decrease in 
length to the top. 

5. From the 45th to the 80th annual ring, the tracheids increase in 
length to the section at 31 feet above the ground, then remain prac- 
tically constant or increase slightly to the top. 

6. The tracheids in the cross-sections at 1 foot, 11 feet, 21 feet, 
31 feet, and 41 feet above the ground rapidly increase in length with 
age of tree to about 41 years, after which they increase slightly or 
remain constant to the bark. 

7. The tracheids in the sections 51 and 61 feet above the ground 
increase in length rapidly from the pith to the bark. 

8. The longest tracheids are found in the rings from the 5oth to 
the bark in the higher parts of the tree, or from the cross-section at 
31 feet above the ground to the top. 

_. 9. Maximum tracheid lengths are found near the bark at the cross- 
section 51 feet above the ground to the top of the tree. 


14 


MINNESOTA TECHNICAL BULLETIN 54 


10. The maxima and minima tracheid lengths behave similarly to 


the average in the relation of age and position in the vertical axis to 
length of tracheids. 


of 


ty 


NI 


11. The tracheids of summer wood are slightly longer than those 
spring wood. 
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THK AGRICULTURAL CREDIT SITUATION 
IN MINNESOTA 


B. M. Giz and J. D. Bracx 
INTRODUCTION 


The 1925 agricultural census, as of January 1 of that year, re- 
ported 48.6 per cent of the full-owner and part-owner operated farms 
of Minnesota as having a mortgage encumbrance—a decrease of 3.8 
.per cent from the 52.4 per cent reported mortgaged in 1920. For the 
1920 census, 6.9 per cent of the owner operators did not state whether 
their farms were mortgaged, as contrasted with only 0.8 per cent 
for the 1910 census. Possibly a still larger percentage did not report 
on this question in 1925 and a large majority of those not reporting 
may have had mortgages on their farms. The mortgages reported 
on owner-operated farms in 1925 averaged $5,117, or 43.6 per cent 
of the owners’ estimated values. On January 1, 1920, the average 
mortgage amounted to $4,419, or 27.5 per cent of the estimated values 
of the farms mortgaged. There was thus an increase of $698 in the 
average size of the mortgages, and of 16.1 per cent in the ratio of 
debt to value of farms mortgaged. 

In the same period, the number of rented farms increased from 
44,138 to 51,081, or from 24.7 per cent to 27.1 per cent of the total 
number of farms in Minnesota. 

Combining mortgage encumbrances with tenancy on a value basis, 
gives results as follows: 


1920 1925 

Value of all farms in Minnesota................ $3,301,168,325 $2,303,741,745 
WireTeNRETICECMEATINS « c.. 05 Se0s cle ose case nb ewes T,050,182,613 801,226.969 
Value of mortgages on full-owner foaens eee 254,475,222 267,026,905 
Value of mortgages on part-owner farms*.-....... 59,822,000 80,042,000 
Deleeeatetiatiaced Parts... 02... <,c22++ceeere se 50,234,658 19,930,059 
Total values not owned by owner operators....... 1,877,453,840 1,225,515,740 
Per cent of value of farms in Minnesota not owned 

TEL? CYSTS FS) ce RO eae Ie ee 43.1 48.8 
Per cent of value of farms in Minnesota owned by 

operators’....... LpOS2': Or DER DURES CEOS 56.9 51.2 


Thus the farmers of Minnesota, on January 1, 1925, owned only 
51.2 per cent of the estimated value of the farms in the state. The 


1 Estimated on the basis of percentage of full-owner operated farms mortgaged. There 
may be an error in this; but it ought not seriously to affect the comparability of the results 
between census periods. 
on * Chis does not include the value of farm mortgages that farm operators may hold against 

' other farms, ¢ or the value of other farms that they own and rent to others. 


7. 


6 MINNESOTA TECHNICAL BULLETIN 55 


comparable figure for 1920 was 56.9 per cent, which indicates a 
decline from 1920 to 1925 of 5.7 per cent. 

In 1910, only 46.0 per cent of the owner-operated farms in Minne- 
sota were mortgaged, and the mortgages averaged only $1,864 per 
farm—26.4 per cent of the estimated value of mortgaged farms. The 
operators of Minnesota farms at that time owned 65.5 per cent of 
the value of the farms in the state. The comparable figure for 1900, 
however, is only 52.5 per cent and for 1890, only 52.0 per cent. Thus 
the percentage of the farm values owned by the operators of farms 
increased considerably from 1900 to I910, but since 1910 the situation 
has reversed and a larger and larger percentage of the values of Minne- 
sota farms has passed out of the hands of the operators into the hands 
of the landlords, mortgage holders, and employers of managers, until 
the percentage owned by them in 1925 was about the same as in 1890. 

Between 1920 and 1925, there were 1,378 farm bankruptcies in 
Minnesota, as compared with 337 between 1910 and 1920. A com- 
parison of bankruptcies among farmers in Minnesota and in neighbor- 
ing states is shown in Table I. 


TABLE I 
Bankruptcy AMONG FARMERS, I910 TO 1925 
State T9o10 to 1919 1920 to 1925 
MMinmesoL avy pensckllsiraramievetiles serait a anrae ee eye 337 1,378 
North Dakota cisvarserrte sstermietee Aialer nie a comic te 718 2,406 
Soutly Dakota of). ¢ saws tat vo are eee cee 249 . 816 
WWMOriteati aes sireredshein eee ae Mine am a wuerekytetciatel hea 463 1,737 
WG WAL fas, Sev eistaiie fahie eavicerah cenPeinnaeel cece ster touire tue 690 2,492 
WiSCOnSin cians. cides @atietsies ale arets mtiwe aan 78 522 
MEPIS” poeta wasral nie rata eerie wears Piatra lente ser sean 409 607 


In all states there have been considerably more bankruptcies in 
the last 6 years than in the preceding 10 years. No doubt a majority 
of the farmers that lose their farms give them up without going 
through bankruptcy, either by letting their contracts go by default or 
by giving a deed to the holder of the mortgage. The proportion of 
failures going through bankruptcy has increased greatly in late years, 
so that the above figures exaggerate the change. 

The agricultural census of January 1, 1925, included a question 
asking for “the total amount of other debts which you owe, not se- 
cured by mortgages on real estate.” But the Census Bureau has not 
tabulated the answers. 

A special survey of 240 farms made in Minnesota in the fall of ~ 
1924, just before the census was taken, showed an average non-mort- 
gage indebtedness of $694 per owner-operator and $1,147 per tenant. 
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The year 1924 was the best Minnesota farmers had had since 1919.° 
No doubt some debts had already been paid off that year. The $694 
of non-mortgage indebtedness of owner-operators consisted of personal 
and collateral loans and store credit. The latter was 27.2 per cent of 
the total. The $1,147 of indebtedness of the tenant-operators was 
14.7 per cent store credit. 

In a survey of 157 farm families in the fall of 1925, Carle C. 
Zimmerman, of the University of Minnesota, found that the average 
interest of borrowed funds amounted to $260. This survey covered 
seven communities. The lowest average amount of interest paid per 
farm in any community was $68 and the highest, $620, in the Black- 
duck (Beltrami County) and Tyler (Lincoln County) communities, 
respectively. The average paid on mortgage debt during the year was 
$172, with a minimum per farm of $11 in the Blackduck area, and a 
maximum of $353 in the Zumbrota area (Goodhue County). The 
average amount paid on all other indebtedness, not including insur- 
ance, was $109, with a minimum by communities of $41 and a maxi- 
mum of $231. The average amount paid on all indebtedness other than 
insurance was $281, which was only slightly more than the $260 paid 
out for interest on borrowed funds. 

Another survey made by Dr. Zimmerman in 1926, in the vicinity 
of Benson, Crookston, Litchfield, Mora, Spring Valley, and Tracy, 
included 215 owners and 120 tenants. The average interest paid dur- 
ing the previous year amounted to $334 per owner, or $454 per in- 
debted owner. The Tracy area (Lyons County) averaged the highest 
per indebted owner and the Mora area (Kanabec County) the lowest. 
These areas. paid respectively $779 and $176. The tenants averaged 
$89 of interest paid, or $99 per interest-paying tenant. The owners 
had reduced the average indebtedness on their farms $147 during the 
year and their other indebtedness $44. Tenants had no payments 
to make on the farms they were operating but made payments on non- 
mortgage indebtedness amounting to $91. Both owners and tenants 
in this 1926 survey were expending annually more of their income to 
pay interest bills than for debt reduction. 

The foregoing data present a situation that needs very careful 
consideration. Involved in it are elements that are at the very founda- 
tion of our rural civilization. It is the purpose of this bulletin to 
uncover as many as possible of the real facts as to this situation, 
discover their significance and their causes, and show their relation to 

8A rough index of gross incomes for Minnesota farmers in recent years runs about as 
follows: 1919, 234; 1920, 160;.1921, 109; 1922, 1303 1923, 149; 1924, 181; 1925, 181; and 


1926, 188. The comparable net incomes run as follows: 232, 149, 86, 109, 121, 177, 202, 
and 210. 
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the credit institutions that have been established and to their manner 
of functioning. 


While the study was of Minnesota conditions, its findings will . 


no doubt apply in large measure to many other states. 


MORTGAGE ENCUMBRANCE 


The mortgage encumbrance of farms is important from the stand- 
point of credit, because in terms of dollars it represents by far the 
largest use made of credit in agriculture. To understand long-term 
credit for agriculture, we must analyze carefully the conditions de- 
termining mortgage encumbrance. 

The principal data available concerning mortgage encumbrance are 
those collected each ten years by the Census bureau, and those col- 
lected in the special farm census of January 1, 1925. In the 1920 
and the 1925 censuses a mortgage was defined to include “all debts 
secured by instruments locally called ‘mortgages’; also all debts rep- 
resented by judgment notes, confessions of judgments, deeds of trust, 
deeds with vendor or lien clause, bonds, or contracts for title, or any 


MORTGAGED OWNER-OPERATED FARMS IN UNITED STATES 
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Fig. 1. The mortgaged farms in the United States increased about 9 per cent 
between 1890 and 1920. The 1925 agricultural census shows that between 1920 and 1925 
mortgaged farms declined nearly 2 per cent. ‘‘Unknown” farms are those whose debt 
status was not reported. Preliminary reports of the 1925 census do not show how many 
farms failed to report on mortgage debt. 


other legal instruments (other than mechanics’ liens or crop liens) that 
partake of the nature of mortgages upon real estate.’* Mortgage 
encumbrance thus includes the so-called “land contracts” under which, 
in Minnesota, considerable land is sold to young farmers. Generally 
speaking, a farmer selling his farm asks for a cash payment amounting 
to at least half the sale price, but there is a pronounced tendency to 


extend this limit to two-thirds. Also, many farms are sold on a con-~ 


4Census 1920, Vol. VI, Part I, p. 479. 
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tract for deed with the buyer paying down in some cases less than a 
third of the purchase price.® 


Situation in 1925 

To understand the mortgage situation in Minnesota in 1925, as pre- 
sented in earlier paragraphs, it must be considered in relation to the 
other facts presented in Table II. According to these facts, the actual 
number of mortgaged owner-operated farms decreased over 3000 be- 
tween 1920 and 1925, in spite of the fact that the total number of farms 
in the state increased nearly 10,000 in the same period. In terms of 
percentage, only 48.6 per cent of the owner-operated farms were mort- 
gaged in 1925, as compared with 52.4 per cent in 1920. This is an 
unexpected development, quite contrary to prevailing impressions. One 
is inclined to doubt the authenticity of the.census figures. There was, 
however, a similar development in North Dakota, Montana, Wisconsin, 
Illinois, and some other states (Table III). For the whole group of 
west north central states, there was a decrease of 0.6 per cent in the 
number of owner-operated farms mortgaged. A part explantion is the 
increase of nearly 7,000 in rented farms and of 3,600 in part-owner 
farmers in Minnesota during this period. This no doubt represents, in 
part, a substitution of landlord ownership for mortgaged-operator own- 
ership. Many heavily mortgaged farms no doubt reverted to their 
former owners or passed into the hands of mortgage holders, who are 
far less likely to have mortgages against them than their “shoe-string” 
operators. Any foreclosure or its equivalent is likely to work out in 
this way. No doubt the decrease in the average size of farms from 169 
to 160 acres in this period and especially in the value per acre from $109 
to $79, has made it possible for more persons to own them without 
mortgages. The lower land values are, other things being the same, the 
lower the proportion of farms likely to be mortgaged. (See Fig. 4.) 
This is just the contrary of what occurred when land values rose 
rapidly from 1900 to 1920. Table III shows that for the west north 
central states as a whole, 51.8 per cent of the farms were mortgaged 
in 1920 as compared to 43.1 per cent in 1900. Another circumstance 
related to the foregoing is the probable reduced turnover of farms 
during this period. Only about a fifth as many sales of farm land were 
reported to the Minnesota Tax Commission during 1922-25 as during 
1912-15, but the sales data from county records in two counties in- 
dicate that a large proportion of the sales in recent years have been 
recorded as for $1, hence are not reported to the tax commission. 

5 During survey work in 1924 a farmer was interviewed in Pope county who sold 100 
acres of land in 1917 to a German tenant for $12,000 upon a payment of $1,000 and the bal- 


amce on contract for a deed. Many farms were sold during the land boom with very small 
payments down, and some have been sold in that way since. 
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Whenever sales fall cff, the number of new mortgages written is likely 
to fall off also. Many of the transfers made, it has already been ex- 
plained, were to the aortgage holders. It is also common belief based 
on observation that a unusual proportion of recent purchasers of farms 
could pay cash in full. The net effect of all the foregoing would be 
the elimination of many old mortgages and the writing of relatively 
fewer new ones. 


TABLE ITI 


Crepit AND RELATED TENURE CHANGES IN Minnesota BETWEEN 1920 AND 1925 


1920 1925 
T/CING.. OF ‘TAEMIS.. Cera oe tole caetp tee ere eee etka re eae 178,478 188,231 
Owes site lars, < ate tpteieteleunpesara'e eicbe ea hie eae ve ousiaters 132,744 136,382 
Brallowiner cose sia stanct Pearce eiste aur reramcne set naib ae 112,880 112,906 
Part-owiier 0. tabs ce a oie em cster matin ace ae inj treet serene 19.864 23,476 
Managed Yate cen deep a seine cease ea bse ere 1,596 766 
Rented, in) full, cssyerscesuviosis steve wslotonas acer dats oe Betislees 44,138 51,083 
2. 'Sizerin acres (ALLY ciras yore ates iccarare loots reerert nicest a eae 169.3 159.7 
Full-ownet:: o.ive: asics anctumcepeaean cr ae onlesines 144.9 132.5 
PATE-OWTER.. eyaseroheea craic! ori bais ere ouclghetete ecenahebi cae kere toieya 234.2 222.4 
Mana cedaniey Siccice stovrarsig ns choco erste pte leas Parole are eet 277.6 292.6 
Rented cvas seen Soma tae eo on eee oe note 198.5 189.1 
3.1, Vale: per -acre:Call)\..cys seinaieiaten want bree wre ete hareLs $109.23 $ 79.63 
Rallzownerk S::fis sees tice eres ae ee etnias i $voaree ( $ 80.85 
Partsownert. 6 site ii ous'x oss ne Slovene wee tone peeatsioe ) : $ 60.45 
Mana gedl yc conn pecctatsere team at eee eae Re ee ’ $113 37 $ 88.88 
IRONGEE. ST cisrclctanttcre sie oles aiete Coal meme wleiarcuehy Pram teys $120.85 $ 83.02 
4. Full-owner and part-owner farms mortgaged 
Nos pamortya sed’ pac ccicicie ores torre ecient renee ae 69,545 66,319 
Percent vor totalereportiticws facut cee ei eevee ares 52.4 48.6 
Nosetfarms: ern knowles cars ai oreo escepeieienntare te siete ora 9,113 ae 
5. Full-owner farms mortgaged 
INO. “reporting, HarnoUnt...rr. cies eaiaiorate rateraeiesentereete teers 57,585 52,184 
Per. cent (of. total) reporting, a,c eram oss chee ioe St.t 46.2 
Average wvalite (of stars: cetanbisers bo ince taereae $16,080 $11,736 
Average amount (of; mortgagen.1 acm sie ae eeieeee $4,419 $5,117 
Ratio of mortgage to value.e sewers scaesvene sete are 27.5 43.6 
ANETARORSIZEN SACTES «a1 Sans lurcye vio Suton chee Recoe EMULE 7 144.6 
Average -valiie per” are ao 1,ctereselonrocis cite ecrtoerarens a $_ 18a.28 
65-Valae:, ‘of allmortea'gesie.s ancl cis @ cee oie asperinranie etre $445,731,000 $495-569,400 


* Data not available. 
au The 1920 census does not give size of mortgaged farms. 

i This is an estimate. The census reports mortgage indebtedness for full-owner farms 
only. In this estimate the part-owner and the managed farms are assumed to have the same 
proportion of debt as the full-owner farms. The Bureau of the Census used this method in 
a 1920 estimate (mimeographed release). The mortgage debt in 1920 on rented farms was 
estimated as 11.7 per cent of the value of all rented farms. The Bureau of Agricultural Eco- 
nomics, U.'S. Dept. Agr., obtained a figure of 9.2 per cent for the United States in a special 
survey made in 1920. It is here assumed that the debt on rented farms increased between 
1920 and 1925 at the same rate as the encumbrance on full-owner farms, which increased from 
14.3 to 22.1 per cent. 


The principal circumstance making one doubt the adequacy of the 
above explanation is the actual increase of $700 in the average size of 
the mortgages during this period. So far as census data are available, — 
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there never has been a time when mortgages and land values have not 
increased together. During this period, however, many old mortgages 
were rewritten at higher amounts, in order to liquidate short-time debts 
incurred just before the break in prices of farm,products, or to cover 
new losses arising from operations in 1921, 1922, and 1923. These in- 
creases may have been large enough to more than offset the decrease 
in size of mortgages written against new purchases after land values 
broke in 1921. 


TABLE III 


PERCENTAGE OF OWNED Farms MortcaGep IN MINNESOTA COMPARED WITH NEIGHBORING 
STATES AND WITH THE UNITED STaTEs, 1890 TO 1925 


Area 1925 1920 1910 1900 1890 
RTS RICE UME Teles) visyaieis aV'<ie eaieeioie ae we 48.6 52.4 46.0 43.3 45-4 
PGCE IAROLA A site cveisis ciisisav vie cscce 63.8 7I.Es 50.2 30.3 47-9 
SESE ERED UOLAM I olave aisiviciwicie sis ie/eie/= 6 ©.s:0 62.4 57.0 37-4 35.3 ian: 
LOTTE 3 pa A ON RE Sein OCIS 54.6 59-5 20.6 13.4 14.4 
Ree AM anaes Ts) aiiii'o a lees vis we a's 55-6 54.2 per Sour 52.8 
RG RSC ORIS IN UNENA G,e kty dir winnie Asie pe wa owes 55-9 59.1 S11 44.9 42.1 
THUG GFE” 5.08 goth: COR ORE ee eee 35-5 38.5 38.4 37-9 36.3 
Fast north central states*............ 39-4 42.6 40.5 38.5 BT 
West north central states}........... 51.2 51.8 45.6 43.1 47.3 
United States .........-...eeeeeee 35-5 37-2 33-2 30.0 27.8 


* Ohio, Indiana, Illinois, Michigan, and Wisconsin. 
7 Minnesota, Iowa, Missouri, North Dakota, South Dakota, Nebraska, and Kansas. 


But this explanation takes no account of the fact that not only were 
old mortgages increased on many farms, but that some farms with 

no mortgages in 1919 now have mortgages. The effect of this is 
to increase the number of mortgages and decrease the average size, 
because such mortgages are likely to be small. If popular impression 
is in any way a safe guide in this matter, it suggests an increase in 
number of mortgages from this source that would more than offset 
the decrease from causes already mentioned. 

If a considerable number with mortgages failed to answer the mort- 
gage questions, as was suggested in the opening paragraph of the study, 
this would account for everything that appears in the data. It would 
give too small a percentage of mortgaged farms, but probably would 
not greatly affect the size of mortgages—there is little reason to sup- 
‘pose that more small mortgages would not be reported than large ones, 
or vice-versa. 


Survey Data 
Data on this point substantiate these conclusions. In the fall of 
1924 a survey was made of 240 farmers in six areas in Minnesota 
located as indicated in Table IV. Of the 172 of these farmers who 
owned their farms, 106, or 65.5 per cent, had mortgages on them. 
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This is to be compared with the 50.4 per cent census average for the 
counties in which these areas are located. The 240 farmers were taken 
at random in each area. That they constituted fairly representative 
samples of the counties in which the surveys were made is shown by 
the close correspondence with the county averages in mortgage debt 
per farm and ratio of debt to value. Also, as shown in Table V, while 
there are slight differences in the average size of mortgaged farms when 
compared by counties, the average size of farms in six counties departs 
only 3 acres from the Census average for the six counties in which 
the survey was taken. 


TABLE IV 
ComPpaRISON oF Data FoR 172 FarMS IN 6 CouNTIES wiTH CENSUS DATA FOR 1925 AND 1920° 
Survey Census 1925 Census 1920 
Per Ratio Mort- Per Ratio Mort- Per Ratio Mort- 
Area No. of cent of gage cent of gage cent of gage 
owned farms debt debt farms debt debt farms debt debt 
farms mort- to per mort- to per mort- to per 
gaged value farm gaged value farm gaged value farm 
Steele 0.5.5. 36 60:0 “40.2 “$6,100 42.0 409.7 $7,620 49.8 30.6 $5,054 
Cottonwood..... 13 84.6 400 9,763 60.5 44.4 9,880 66.8 24.8 5,334 
Popes lectins 30 50.0 40.0 5,700 50.5 37.9 5,194 ees) 26.7 3,592 
Norman,” s..< 4. 20 85.0 49.7 4,812 53-9 40.8 4,519 53-4 26.6 2,620 
Chisago: ..% 00.05 30. 48:7 4010 45266 AT ) BO ar GOERS 43:3. 26:3. 22,549) 
Hiubbatd) “ev oe. 40 65.0 30.6 1,567 57.7 27.2 1,811 64.2 23.9 1,320 
Average for 
all ...... 65.5 403 4,776 50:4 42-4 5,072 53-4 | 20.70) a2 
Average for 
Staten tise Ae oon Gen 48.6 43.6 5,117 52.4 27.5 4,119 
TABLE V 


CoMPARISON BY COUNTIES OF 1925 CENSUS AND 1924 SURVEY FOR SIZE oF MortGaGED FARMS 


Steele Cottonwood Pope Norman Chisago Hubbard Average* 


@ensiis; “Wo2sehanctee sete 135 190 190 157 100 132 146 
SutveysvlO24scteswera yen ciete 4 107 197 176 234 112 pists 149 


* Average for state, 145 acres. 


Moreover, the six surveys seem fairly to represent the state as a 
whole in both these respects. Of the 106 owner-operators who had mort- 
gages on their farms in 1924, 36 did not have when the 1920 census 
was taken, 22 had been re-written at a higher amount, 32 had been 
renewed at the same figure, and only 16 had not been disturbed (Tables 
Vi and VII). This represents a great deal of mortgage activity, mak- 
ing possible a considerable change in the mortgage status of the farm- 
ers. The point in which we are mainly interested here is the change in 
size of mortgages and percentage of farms mortgaged. Twenty-two 
mortgages were increased an average of $1,740, considerably more than | 


% 
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the census average for the state; 36 new mortgages were written for 
an average of $4,680, somewhat less than the state average. The orig- 
inal data show that of the 36 new mortgages 8, averaging $2,071, were 
entirely to finance or cover indebtedness in connection with buildings 
or general farm expenses; 24, averaging $5,520, were to cover land 
purchases only; and 4, averaging $4,575, were to cover purchases plus 
building or other farm expenditures. 

Unless the 28 new mortgages covering purchases represent a smaller 
proportion of farmers buying on mortgage than for the same number 
of farmers making purchases in these areas before 1920, the 8 new 
mortgages written for other purposes represent an addition to the per- 
centage of farms mortgaged, and as their average is only $2,071, they 
would reduce the average size of all mortgages and offset in part the 
increase of $1,740 in the amount of the 22 old mortgages. As already 
indicated, more of the farmers buying recently may have paid cash 
in full, but surely not enough more to offset the 11 new mortgages. 
The sample is very small, however, and not too great reliance can be 
placed in it. It is entirely possible that more than 52.4 per cent of 
the farms in these areas were mortgaged in 1920; and that a careful 
survey then might have given a figure also over 60 per cent. 

Calculations from the data in Table VI show that of the new mort- 
gage debt for other than purchase, 62 per cent arose from new build- 
ing operations, 8 per cent from purchase of new equipment, and 30 
per cent from general farm expenses, chief of which was taxes. In 
Hubbard County three of the farms borrowed on mortgages to clear 
land. The new mortgages written for these purposes in 1920, 1921, and 
1922 were mostly to cover obligations incurred before the break in 
farm prices came, and were carried for a time on notes or open accounts. 
The new mortgage debt incurred for these purposes in 1923 and 1924 
represented the beginnings of a revival of agricultural development. 

Additional evidence of the same general nature is contained 
in the results of two surveys of rural living in Minnesota made in 
1925 and 1926, respectively.° The 1925 survey included 123 owner 
operators who paid at least $125 interest on mortgage and other debts 
(about $25 in one new cut-over county). At least 60 per cent had mort- 
gages on their farms, as compared with the 1925 census average of 47 
per cent. The 1926 survey included 149 owners who paid at least 
$125 interest on mortgage and other debt (about $100 in one partly 
cut-over county). At least 64 per cent had mortgages on their farms 
as compared with 52 per cent in the 1925 census. The two surveys 
include 12 sections well distributed over the state, and the farmers were 


_ chosen entirely at random. 


. 6 Unpublished data from surveys made by Carle C. Zimmerman, Rural Sociologist, Minn. 


Agr. Expt. Station. 
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In the 1926 survey, 59 owner farmers in two areas were studied 
especially from this point of view. On January 1, 1925, when the census 
was taken, 35, or 60 per cent of the 59, had mortgages on their farms. 
The nearest comparable 1925 census figure is 48 per cent. Fourteen 
of these 35 mortgages had been written since January 1, 1920. Eight 
were new mortgages; and 6 were old mortgages renewed, all for an 
increased amount. Of the 8 new mortgages, 3 were entirely to pur- 
chase land and one was for the purpose of buying more land and 
covering general expenses. The rest were for buying equipment, erect- 
ing buildings, and covering general expenses. The average size of the 
6 old mortgages was $18,000 before renewal and $23,400 after re- 
newal. The new mortgages averaged only $6,100. The nearest com- 
parable average mortgage debt, as shown by the 1925 census, for these 
two areas was $9,000. The survey data show about $9,600. The old 
mortgages renewed are larger than the census average shown and the 
new mortgages are less. 

Between January 1, 1920, and January 1, 1925, only 13 of the 35 
mortgaged owner-operators covered in the survey made any payments 
on the principal. One of these resulted from a sale of part of the land 
and another from inheritance. The average for the remaining II was 
$1,260, or $252 per year. This is an extremely poor showing and 
indicates forcefully the severity of the present agricultural depression. 
From January I, 1925, to the time the survey was made only 8 had 
made payments on the principal of their mortgages. 

Further evidence that the census data are too low is found in a 
survey made at the beginning of 1924 in Kittson, Marshall, Polk, Red 
Lake, and Wilkin Counties by the Division of Agronomy and Farm 
Management, of the University of Minnesota, under the supervision 
of Dr. Andrew Boss. Of 106 owner farms studied, 90, or 83 per cent, 
were mortgaged. The 1925 census average for these counties is 61 . 
per cent. Even allowing for the fact that the sample probably was 
not entirely random, as indicated by a considerably larger average value 
and size of farms than was reported by the 1925 census, there is still 
evidence that the census data are too low. ‘ 

It seems that there is more mortgage indebtedness on Minnesota 
farms than the 1925 census data indicate. The 1920 census data, also, 
may be too low. We can not be sure, therefore, that the number of 
farms mortgaged has increased since 1920. 

The impression is common among farm mortgage agencies in the 
Northwest that there has been a considerable increase in mortgage in- 
debtedness. From the end of 1919 to 1924, federal land bank loans in 
Minnesota made a net increase of 135 per cent and the number of 
loans increased from 4,052 to 7,729, or 91 per cent. The volume of. 
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joint stock land bank loans increased 46.6 per cent. Net loans of in- 
surance companies increased 104 per cent between 1919 and the end 
of 1923. The Minnesota Rural Credit Bureau began to operate in 
1923 and by the end of 1924 had loaned approximately 32 million dol- 
lars, involving a little more than 6,000 loans. The loans made since 
1920 by the Minnesota Rural Credit Bureau, the Federal Land Bank 
of St. Paul, the joint stock land banks, and insurance companies are 
recorded in Table XXV. The farm mortgage companies report an 
increase in volume of business with the exception of some private in- 
vestment companies. 

Table II estimates, even on the basis of the census figures, an increase 
of $49,000,000, or II per cent, in the total farm mortgage indebtedness. 
The rest of the apparent increase mentioned may merely represent a 
shifting to those agencies of mortgages formerly held by banks, private 
institutions, and individuals. This no doubt occurred in large volume, 
especially from banks to the Minnesota Rural Credit Bureau, but it 
hardly seems that such shifting could account for all the increase in 
volume of loans reported by the loaning institutions named. 


Changes Since 1890 

The 1890 census was the first to report the percentage of farms 
mortgaged. Table III traces the changes that have taken place in 
Minnesota and neighboring states and for the United States as a whole. 
In several of the west north central states, especially the Dakotas and 
Minnesota, there was a decline between 1890 and 1900. The group as 
a whole showed a decline from 47.3 per cent in 1890 to 43.1 per cent 
in 1900. This no doubt reflects the rapid expansion to new lands and 


-the homestead movement that was going on during this period. For 


the rest of the states in the Northwest and even the states mentioned, 
since 1909, and for the United States as a whole, as indicated in 
Figure 1, the percentage of farms mortgaged has gradually increased. 
For the United States as a whole it has been at the rate of about 3.0 
per cent each ten years. As there was a decline of 1.7 per cent from 
1920 to 1925, there will be less than the usual increase in the present 
decade, unless a rapid swing forward sets in soon, or unless the census 
data are in error, as above suggested. 

There is nothing alarming about this increase. In fact, it would be 
remarkable if it had not occurred. The average value of farms in 
Minnesota and the west north central group of states multiplied by 
six between 1890 and 1920, and multiplied by more than two when 


_ prices are expressed in terms of dollars of the same value, that of the 
year 1925 (Table VIII). The decline in values between 1920 and 1925 


was only a little more than the decline in the general price level. If 
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no more farms were mortgaged now than in 1890, the situation would 
be that those buying farms now, many of them young men buying 
their first farms, at an average of $12,717, are as able to pay cash for 
them, or are able to pay off their mortgages as rapidly as when farms 
were worth $2,910 on the average. These $2,910 in 1890 were worth 
$5,728 in dollars of 1925. Surely it can not be said in fairness that 
Minnesota farmers are going backward just because they have not quite 
kept up in wealth with the rapid increase in land values. As betore 
stated, it would be remarkable if they had kept up. 


TABLE VIII 
INCREASE IN VALUE OF FARMS FROM 1890 TO 1925 
Values in actual dollars Values in 1925 dollars 
_ - Index 
Year West north West north number 
United central Minnesota United central Minnesota used* 
States states States states 
19255 - +20 2es $ 7,776 $14,875 $12,717 $8,125 $15,543 $13,288 95-7 
TOZO ms epneive’s 10,284 22,307 18,496 7,584 16,450 13,640 135.6 
TOL’ Gewete nae 5,471 10,464 8,085 8,456 16,173 12,496 64.7 
OOO see ltes 2,896 4,385 4,329 5,701 8,632 8,522 50.8 
POOU pam bee en 2,909 3,245 2,910 53726 6,388 5,728 50.8 


* Bureau of Labor index of wholesale prices, expressed in terms of prices in 1925. For 
1910, 1920, and 1925, the index used is the average of the monthly indexes for the six months 
preceding the date of taking the census. 


In this connection, it must not be forgotten that a good part of the 
value of our farms must be earned on the land in each generation. One 
farmer pays off his mortgage, sells his farm, and moves to town with 
all his wealth. The man who buys it probably has to start with a new 
mortgage. Or perhaps the farmer passes the farm on to one of his 
sons, in which case the son who gets the farm probably has to mortgage 
it to pay the other heirs. Only if land values were standing still and 
if farms were being passed to heirs unencumbered, could it be said that 
agriculture was not holding its own if the percentage of mortgaged 
farms was increasing. Agriculture in the United States is doing far 
better than that—it is keeping nearly constant the percentage of farms 
mortgaged, at the same time financing the transfer to the cities of a 
large group of retired farmers in each generation and paying off a 
large group of heirs who have left the farm. It has financed a 
large part of the expansion of agriculture that has taken place when 
some of the other sons have been helped to start in new farming areas. 
It has also provided the education (often not very good) for the young 
people who leave the farms for the city. The flow of wealth from the 
city to the country is a mere dribble compared with all this in the 
other direction. 
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The Farm Owner’s Equity 
It is the custom of many persons to focus attention upon the absolute 
size of the farm mortgage today as compared with that in earlier times, 
and to point out, as is done in Table IX, that the mortgages averaged 
$5,117 in 1925 and only $814 in 1890, and thus make it appear that 
the farmers are getting more and more in debt on even the farms that 
they own. 


TABLE IX 


CHANGEs 1n MortcacE Dest and Owners’ Equities oN MortGAGED OWNER-OPERATED 
Farms, Minnesota, 1890 TO 1925 


Value Mortgage Owner’s Percentage Percentage Ratio of 
Year per debt equity increase increase debt to 
farm per farm per farm in debt in equity value 
MOQE Maw aiociei< $11,736 $5,117 $ 6,619 15.8 —43.2 43.6 
NYS FR epi iner 16,080 4,419 11,661 137.1 124.3 27.5 
DOG he sees slars 7,062 1,864 5,198 62.4* 85.07 26.4 
TNO etald arapicere!oie s 3:0575 1,1488 2,809 41.1 59.6 29.0* 
RS attaching ihe acon! She 2,574 814 1,760 aoe nae 31.6 


* Increase 1890 to 1910, 129 per cent. 

7 Increase 1890 to 1910, 195.3 per cent. 

+ Batiaated. The average value of mortgaged farms in 1920 and 1910 is nearly the 
same as the average value of all fully owned and partly owned farms. For 1920, the respective 
figures are $16,511 and $16,080; and for 1910, $7,538 and $7,062. For the two periods, the 
average value of owned farms exceeds that of mortgaged farms by 4.5 per cent. It is assumed 
that about the same relation existed in 1900. The average value of owned farms in 1900 was 


$4,070, which, reduced by 4.5 per cent, amounts to $3,957. 
§ The ratio of debt to value in 1890 and 1910 for mortgaged farms is given in the 
census. The ratio in 1900 is estimated at 29 per cent by interpolation from 1890 and 1910. 


Table IX sets over against these figures the increase in the owner’s 
equity per farm, that is, the value of the farm over and above the 
mortgage. It appears that from 1890 to 1910 the equities increased 
more rapidly than the debt, and from rgio to 1920 only a little less 
rapidly. While the total mortgage debt of all the owner farms of 
Minnesota was increasing from $37,709,000 in 1899 to $254,475,000 in 
1920, or 575 per cent, the owner’s equities were increasing from 
$176,552,000 to $1,877,000,000, or 963 per cent. Relatively, the farm- 
ers were getting less in debt.. At least, they were getting more out of 
debt. This relationship is usually stated in terms of the ratio of debt 
to value of mortgaged farms, as in the last column of Table IX. The 
mortgaged owner-operators of Minnesota farms owned all but 27.5 per 
cent of the value of their farms in 1920, as compared with all but 
31.6 per cent in 1890. ; 

All.these figures are expressed in terms of the dollar of 1925 in 
Table X. It thus appears that even absolutely the debt increased very 
_ little from 1890 to 1920. The increase from $814 to $4,419 in mort- 
gages on Minnesota owner-operated farms now appears to have been 
fan increase only from $1,602 to $3,259, or 103 per cent. 


es ; 
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TABLE X 


CHANGES IN Morrcace Dest and Owners’ Eguitres oN MortGacGED OWNER-OPERATED 
Farms, MINNESOTA, 1890 TO 1925, ExpRESSED IN DOLLARS OF 1925 


Wholesale Value Mortgage Owner’s equity Percentage Percentage 
Year price per farm, debt perfarm, per farm, increase increase 
index* 1925 dollars 1925 dollars 1925 dollars in debt in equity 
WOE a aiicin a ean oneien 95-7 $12,263 $5,347 $6,916 64.1 — 19.5 
TOZO: oh ih or ens oe 135.6 11,855 3,259 8,596 13.1 7.0 
EOL srctientiats aoe oetene 64.7 10,915 2,881 8,034 2755) 45-3 
TQOO ain: ces we ae 50.8 7,789 2,260 5,529 41.1 59.6 
TOO! wusisestaheeas iste 50.8 5,066 1,602 3,464 A é 


* Bureau of Labor Statistics, index of wholesale prices re‘uced to 1925 ha-is. For 191, 
1920, and 1925, the index used is the average of monthly indexes for the six months precediig 
the date of taking the census. 


To explain the abrupt change after 1920, other circumstances should 
be considered. A large proportion of the mortgages in force in 1925 
were contracted between 1918 and 1921, when land prices were high. 
Most of those that were drawn for five years have been renewed. The 
value of the average mortgaged owner-operated farm in Minnesota has 
declined from $16,080 in 1920 to $11,736 in 1925. If there had been 
no increase in the average size of the mortgages, #f it had remained at 
$4,419 instead of increasing to $5,117, the ratio of debt to value would 
still have increased from 27.5 per cent to 37.5 per cent, owing to the 
decline in land values, and the owners’ real equities would have fallen 
off 37.2 per cent during the five years. 

How this increase has worked may be illustrated by a particular 
farm, bought, let us say, in 1919, for $21,000. 


1919 1925 
Boughton <eraseeei tere $21,000 @ouldtbe®sold "fons see eeee $16,000 
Paid seach says anes. ieee) eras 14,000 Payments on principal....... none 
INNO KOA EY Varn apdeiscac eck el yale 7,000 Mortgage. 3... .c)33 eee 7,000 
LE Ciitiby een en nesses eater 14,000 Equity: o.....< 0,00 3 ae 9,000 
Equity in 1925 dollars....... 10,728 Equity in 1925 dollars....... 9,000 
Ratio: debt tonvalues. +e see 33.3 Ratio debt to value:. oo: 27208 43.7 


If the operator had paid off $1,000 on the principal in 1920 and 
just held his own since, his ratio of debt to value would be 37.5 instead 
of 43.7 in 1925. If this operator, while paying nothing on his prin- 
cipal, had increased his mortgage to $8,000 when renewing it, his ratio 
of debt to value would be 50.0 instead of 43.7 in 1925. The opposite 
of this was taking place between 1890 and 1920, when land values were 
rising. A farmer who paid $5,000 cash on a $10,000 farm in Minne- 
sota in 1910, without paying a cent on the principal, had his equity 
increased from $5,000 to approximately $19,000 by January, 1920, land 
values increasing from $45 to $109 per acre, or 142 per cent, during 


that period. Even when this $5,000 and $19,000 are expressed in the \ 


1925 price level, the real equity on the farm had increased from $7,728 


em 
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to $14,112. From 1890 to some time after 1910, the effect of this in 
raising Owners’ equities in mortgaged farms was so great that it more 
than offset the increasing number and size of mortgages. 

Since 1920-21 transfers of land have been fewer and old mortgages 
have been largely renewed at their original high figures, with the result 
that the mortgaged owners’ real equity in the farm is less today than 
it was in 1910. This is a serious situation. It means that a large part 
of the material gains from agricultural progress since 1910 have been 
wiped out so far as the present generation of farmers is concerned. 


Movements in Land Prices 

Nor is it proper to lay the blame for much of this on the agricul- 
tural population. Figure 2 shows that movements in the general level 
of prices have been the major factor in the movement of land values. 
A permanent change in general price levels should be fully and imme- 
diately reflected in land prices. Most of the small movements in price 
level, however, are obviously temporary, and farmers, like other business 
men, can be expected to adjust their business affairs on this assumption. 
By no means do all business men so adjust their affairs ; but we still insist 
that they should, and we ask the same of farmers. The longer contin- 
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Fig. 2. Changes in prices of Minnesota farm land from 1890 to 1925, compared 
with changes in all commodity and other price levels. In general, the movements of land 
prices have followed movements in the general level of prices. 
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uous movements of the price level, however, such as from 1897 to 1916, 
nearly everyone takes at face value, and until more is known about 
them and their causes, there is nothing else to do. The rapid upward 
price level movement from 1917 to 1920, followed by the sudden down- 
ward movement of 1921 and 1922, belongs in the class of short-time 
swings which should have been recognized as such and discounted. But 
business in general failed to do this, and it would be unfair to hold the 
agricultural class especially at fault for their failure in this respect. A 
sharp break in prices was expected immediately at the close of the 
World War. When it did not come, but was followed by a second 
period of inflated prices, both business men and farmers lost their 
balance. Some eminent economists concluded that the new high price 
level had come to stay. That they were partly right is evidenced by 
the fact that price levels have not yet returned to their pre-war level, 
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Fig. 3. This chart is like Figure 2 except that it starts with 1890 as the base point 
of 100 (data in Table XI). This means that the curves compare conditions at any point 
with those in 1890. It appears that prices of farm products have heen above the all- 
commodity or general price level ever since 1900 except for a brief period in 1921, and 
that they are now considerably higher relatively. Farm land prices rose until 1920. They 
rose from 1890 to 1900 when prices were just holding their own. ‘There was a large 
increase in improved land during this decade (Table XII). 


but for several years have been fairly stable at between 50 and 60 — 
points above the pre-war level, and that there are better reasons for 
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believing they will not decline far than for thinking they will sink to 
the level of 1913. 

Farm land prices in Minnesota rose considerably faster than the 
general price level, from 1910 to 1920, and have declined at about the 
same rate since (Fig. 2 and Table XI). The net result of the whole 
movement is a farm land price now 75 per cent above 1gi0, and a 
general price level only 57 per cent above 1910. Data of the Minne- 
sota Tax Commission show that from 1914-15 to 1920 land values rose 
only 96 per cent as compared with 130 per cent for the general price level. 

This does not mean, however, that farm land prices are now too 
high. Included in the value of farm land is the value of buildings. It 
appears that even when adjustment is made for the changing price level, 
buildings increased in value per acre during the period (Table XII). 
Improvement in roads and transportation should also help to make land 
values rise faster than the general price level. 


TABLE XI 


Comparison OF MoveMEenT OF MINNESOTA FARM VALUES AND COMMODITY 
Price Levets, 1899 To 1925 


Value of Index numbers 1910 = 100 Index numbers 1890 = 100 

arm —— ———- = 

land Value of Tarm All Non-agri- Va'ueof Farm All 

per farm land commod- commod- cultural farm land commod- commod- 

acre per acre ities ities products* per acre ities ities 
TO0G. em a4 pee te.22 39-9 79.6 67.6 Arie 100 100 100 
MIGOe tien cen 25-21 55.3 79.6 68.2 89 140 Iol 100 
BOE Oscars tases wis 45.62 100 0 100.0 100.0 100 250 148 126 
LOZ 6 nhej-cis:a:0 109.23 239.4 223.3 OTret 236 599 hie 280 
COE TNS Onc ER 79.63 174.6 157.3 153.1 161 437 226 197 


* Index on 1910-14 basis back to 1910 obtained from supplement to Agricultural Situation, 
p. 30. Index from 1900 to 1910 obtained by letter from Bureau of Agricultural Economics, 
Washington, D. C. 


The percentage of land improved has remained nearly constant since 
1900. ‘This is because new land has been taken into farms at about 
the same rate that land already in farms has been cleared. 


TABLE XII 
CHANGE IN IMPROVEMENTS PER ACRE oN Minnesota Farms, 1890 TO 1925 
Percentage Census. Value of buildings per acre 
of farm _ value of in dollars of 
land buildings 
improved per acre Ig10* 1925* 
TENE EA eee See 59.6 7 CatO0 Bh 
MUP OM atevatctnia'e lath oie as, © usa 70.3 $ 4.20 $ 6.43 $10.63 
INO Ses o vievelh es. atk, erste 71.0 8.79 8.70 14.53 
O20. .\0. 3 Nave lesim hrsi'g 6) 6 ite Gi ies 18.23 11.70 19.35 
| iG EE Aeneas Seer t 19.86 12.01 19.86 


* Adjusted on the basis of an index compiled from value of building material and wages 


of labor, with allowance for the fact that the census valuations always lag behind current pr‘ces. 


7 Not available. 
<Not obtained in 1925 census—probably a slight increa-e. 
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More important than either of the foregoing is the fact that prices 
of farm products rose much faster than ‘other prices from 1900 to 
1915. The index for prices of farm products rose 32 points during 
the period; for non-agricultural products, 10 points; and for the gen- 
eral price level, 21 points. This is shown clearly in Figure 2. 

Subtracting the adjusted value of buildings given in Table XII 
from the value of land and buildings at each decade, both expressed 
in 1925 dollars, gives the values in the last column of Table XIII. The 
increase since 1890 is no more than is warranted by the land improve- 
ments and the rise of prices of farm products above that of the general 
price level. 


TABLE XIII 


VALUE PEK ACRE OF LAND AND BuiLpINGs, BUILDINGS, AND LAnpD ALONE, MINNESOTA, 
1890 TO 1925 


Value of land Value of Value 
and buildings, buildings, of land, 
1925 dollars* 1925 dollarst 1925 dollars 
TSOO. sepamart atte onieerat cutee $35.86 = £ 
TOGO sora cet eiescie ate crane eae ater 50.21 $10.63 $39.58 
LQ Ons capche she Aah a lche Mereantes eres 70.52 14.53 55.99 
bg EO mgt Z eR nC CRNS> GEROIC, ean ROIS 80.55 19.35 61.25 
LOLS seit ransrceas alee ea ao ee 83.21 19.86 63-35 


*TIt is assumed that the estimate for land and buildings combined is not affected by the 
lag in valuation of buildings, 

yj From Table XII. 

= Data not availab!e. 


Changes in Size and Number of Farms 

Somewhat related to changes in mortgage debt are changes in size 
and number of farms. The land in farms in Minnesota increased until 
1920 (Table XIV). The figures for the rg00 census are usually con- 
sidered much too high because of the method of taking that census. 
This has accentuated the increase for that decade, and reduced the in- 
crease for the following decade. The rate of increase between 1910 
and 1920 was only 9.2 per cent. The slight decrease since 1920 may 
actually represent a certain amount of abandonment of land that took 
place in certain parts of the state; but more likely it represents omissions 
in census taking. The large increase in number of farms between 1920 
and 1925 is also believed by many to be due in considerable part to the 
method of taking the 1925 census. While the total acres for farms have 
been decreasing, the number of improved acres increased until rgro. 
The 1925 census obtained no data as to improved land, but an estimate 
on the basis of crop acreage would be about 115 acres. 

Small farms are to some extent a substitute for mortgage debt. 
The smaller the farms purchased, the more likely they are to be 
paid for in full, or nearly so. On the other hand, if farms are too 
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small, those who purchase them on mortgages will pay off the mortgages 
slowly. The more valuable the mortgaged farms in Minnesota are, the 
greater is the tendency for a higher percentage of their value to be 
mortgaged (Fig. 4). This relationship does not always hold true be- 
cause of other conditions which may conceal the general tendency. 


TABLE XIV 


NuMser oF Farms, Acres oF LAND IN FARMS, ACRES PER FARM, AND IMPROVED ACRES PER 
Farm 1n Minnesota By CENSUS YEARS, 1890 TO 1925 


Number Acres of Acres Improved 
Census year of land in per acres 
farms farms farm per farm* 
USAR, GAM DORA 188,231 30,059,137 159.7 125.07 
MARE Aree ir) ae ss 178,478 30,221,758 169.3 120.4 
RO erieetie rand skis laydteie 6 156,137 27,675,823 iy Be 125.8 
RGR areca ain raya, Bes ales sai‘aye 154,659 26,248,498 169.7 119.2 
steko) ogi. Henle ice ves ape eRe 116,851 18,663,645 159.7 95-2 


* “Tm>roved land includes all land regularly tilled or mowed, land in pasture which has 
been cleared or tilled, land lying fallow, land in gardens, orchards, vineyards, and nurseries, and 
land occupied by farm buildings.’’ Census 1920, Vol. V, p. 23. 

yj Not reported in 1925 census. Figures are estimated by finding ratio between improved 
land and crop land harvested as reported for 1919 in the census of 1920 and assuming the same 
relationship between crop land harvested and improved land in 1924. If data for land in farm- 
steads were available in the 1925 census a more direct method of computing would be available. 

t Data 1890 to 1925. See 14th census, Vol. V, p. 47. 
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Fig. 4. Increase in Mortgage Indebtedness with Value of Farms, by Counties, 1925 
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Change in Tenancy 


It is not always realized that tenant farming and mortgage indebt- 
edness are substitutes one for the other. The sooner young men are 
able to buy farms on mortgages, the less tenancy there will be. The 
percentage of Minnesota farms rented has increased from 12.9 to 
27.1 since 1890 (See Appendix, Table III), about 3 per cent each 
ten years. In the five years from 1920 to 1925 the increase was 2.4 
per cent as compared with 3.7 per cent during the preceding ten years. 
This represents an appreciable speeding-up of the rate of increase since 
1920. In absolute numbers, there were 6,945 more tenants in 1925 than 
in 1920, and only 26 more full owners. This increase in number of 
rented farms is due to the fact that many tenants have remained ten- 
ants who in ordinary times would have bought farms under mortgages. 
They have done this (1) because they have saved little during the last 
five years, (2) because they have been waiting for the price of land to 
reach bottom before buying, (3) because the old incentive to purchase 
in order to realize upon the rise in value of land has been weakened 
considerably, and in some cases (4) because they have been marking 
time while waiting to decide whether or not they should continue farm- 
ing. Some part of the increase in tenancy is no doubt due to fore- 
closures. Most of those who have had farms come back into their 
hands have rented them to farmers’ sons wanting to become tenants, 
to farmers who have lost their farms, or to neighboring farmers who 
have operated them as additional rented land. That the last has hap- 
pened frequently is demonstrated by the increase of 3,612 (18 per cent) 
in the number of partly owned farms during this period. 


The “Agricultural Ladder” 


The relation between tenancy and mortgage indebtedness is so im- 
mediate that it is worth while to analyze tenancy in some detail. It has 
been customary to assume that tenancy is merely a step, or rung, in 
the ladder by which the farm population ascends to full ownership; 
that most tenants were formerly laborers and eventually became mort- 
gaged owners and then owners free of mortgage. To this succession 
of tenure stages, the term “agricultural ladder” has commonly been 
applied. In 1920, out of each 1,000 male persons 10 years of age or 
over working on Minnesota farms, 166 were laborers on the home 
farms, 200 were laborers on other than home farms, 156 were tenants, 
6 were managers, 246 were mortgage owners, 193 were owners free of 
mortgage, and the status of 33 was unknown. This gives a clear picture 
of the relative importance of the steps in the agricultural ladder in 
Minnesota. Roughly, 37 per cent were in the labor stage, 16 per cent 
were in the tenant or manager stage, and 47 per cent were in the owner — 
stage, of whom more than half had mortgage debt. 
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Not all farmers, however, pass over the same route to ownership. 
The “agricultural ladder” is too simple a description of what happens. 
Some pass directly from farm laborers on the home farms to tenants, 
and some work as laborers on other farms before becoming tenants. 
In the former case, probably the parents help the son or son-in-law 
financially. Many get enough help from parents that they omit the 
tenant stage altogether. Some inherit the home farm in full or in part, 
in the latter case having to pay off the other heirs. Some earn money 
while working in cities, mines, or forests that is used as cash payments 
on land purchases. The last is especially true in the cut-over section 
of the state. 


TABLE XV 


How Farm Owners Acguirep Status In Four SoutTHERN Minnesota CountTiEs* 


Per cent 
"Home farm to owner (never were tenants)...........0cceeeeeecceeeacees 40.0 
Piomcmratmt tomuIred plapOrer tO OWNHEL oes cccccceccresveccteteaseeduaes 21.6 
Home farm to hired laborer to tenant to owner ...........-. a erase tere 14.5 
DUP MIPMNARIOMEOUPCHANE TO (OWTIET «2.45 cc cere cence sense receceneanvcestens 13.4 
REISE NT OW EICE. 6.5 ciicicccysces sesame aww esvberecedsduewacnetusiace 57 
Wiuessimaustry to hited laborer to OWNET ...:..cc.0 0c cece sisenede genes clan 1.5 
Other industry to hired laborer to tenant to owner .............0eeeee00> 2.2 
ibecemadicry, toLtenant tO OWE: j- <feiweciecc coves ores sladacsei veces vendeye 1.1 


* Courtesy of Dr. W. J. Spillmann. These unpublished data were obtained in a survey 
of 738 owner farmers in four southern Minnesota counties by the United States Department of 
Agriculture in 1917. 


Many owners do not climb to ownership over all the rungs of the 
agricultural ladder. Only 14.5 per cent of those raised on the farm 
and 2.2 per cent of those coming from other industries among 738 
owner farmers in 1917, were first farm laborers working out, then 


tenants, and finally owners (Table XV). About one-tenth of the own- 


ers came from other industries. This figure is too high for the period 
since 1921. The recent depression in agriculture has reduced the rate 
at which people go from other industries into agriculture. Of the go 
per cent who came out of agriculture direct, 21.6 per cent omit the 
tenant stage only, 13.4 per cent the hired laborer stage only, and 40.0 per 
cent both. A total of 36.1 per cent included the hired laborer stage 
somewhere, and 27.9 per cent the tenant stage. To these figures may 
be added 3.7 per cent for hired laborers and 3.3 per cent for tenants 


’ that came out of other industries. 


Inquiries as to farm experience were included in the 1920 census 
for the first time. Of every 100 Minnesota farm owners in 1920, 38 
reported previously operating a farm as a tenant and 45 reported work- 
ing on a farm for wages. For each Ioo in the tenant stage in 1920, 57 
had previously worked for wages. These percentages are little higher 
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than those in Table XV, which include only four southern counties in 
IQI7. 
Figure 5 is conclusive evidence that there is such a thing as an 
agricultural ladder. As farmers grow older, a smaller and smaller per- 
centage are tenants. In 1920 less than 14 per cent of those from 45 
to £4 years of age were tenants, as compared with 65 per cent of those 
under 25 years. Figure 5 also shows that between 1890 and 1920 the 


PERCENTAGE OF TENANCY IN EACH AGE GROUP FOR FARM 
CENSUS YEARS FROM 1890 TO 1920 FOR MINNESOTA 
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Fig. 5. As farmers grow older a smaller and smal’er percentage of them are 
tenants. Between 1890 and 1920 the percentage of tenants in each age group iacreased 
very perceptibly. This chart ‘indicates that the rate of ascent on the agricuitural ladder ~ 
is declining. Data from Tenancy in United States, Census Monograph IV, p. 92. 
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percentage of tenants in each group increased very perceptibly. In the 
most numerous group, 25 to 34 years old, for example, only 21 per 
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cent of the farm operators were tenants in 1890, as compared with 47 
per cent in 1920. 

There is further evidence in Figure 5 that the rate of ascent of the 
agricultural ladder is slowing down. Between 1890 and 1gIo the per- 
centage of tenancy increased most rapidly in the lowest age group; in 
the next decade, in the 25-to-34 age group; and between 1910 and 1920, 
in the 35-to-44 age group. Between 1910 and 1920 the change is very 
pronounced. This could indicate, however, that fewer young men are 
now passing through the tenancy stage, and those that became tenants 
while young are still tenants in unusual numbers. Up to 1900, at least, 
it seems that farmers’ sons were becoming tenants at earlier ages. The 
smallness of the increase in the 25-and-under group between 1910 and 
1920, is probably accounted for by the fact that the war experience 
kept more than the usual number of farmers’ sons from becoming ten- 
ants. There is little evidence of an increasing “permanent tenant” 
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Fig. 6. Laborers as well as tenants increased faster than owners in Minnesota 
frcm 1880 to 1910. Between 1910 and 1920 both owners and tenants increased in relative 
numbers, This may reflect the decrease in size of farm families and the growing tendency 
of farm boys to leave the farms early in life. 


class. In 1890, but 66 out of every 1,000 farm operators in Min- 
nesota were still tenants at 55 years of age and over; and in 1920, the 
number had increased to only 70. 

The whole story of the agricultural ladder can not be told, however, 
in terms of tenants and owners. Tenancy takes the place of the farm 
laborer stage as well as of the owner-operator stage. Laborers work- 
‘ing on Minnesota farms were increasing more rapidly than tenants in 
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actual numbers from 1880 to 1910. There were 141 more farm laborers 
in each 1,000 in 1910 than in 1880, as compared with an increase of 
only 60 in the number of tenants in the same period. Both tenants 
and laborers were increasing at the expense of owner operators and 
as has already been pointed out, free owners at the expense of mort- 
gaged owners. Between 1910 and 1920, however, both owners and 
tenants increased in relative numbers. The decrease in laborers was 
in those working at home. This probably reflects the decrease in size 
of farm families and the growing tendency of farm boys to leave the 
farms early (Fig. 6). 

The census of 1925 reports 35 per cent of all cash tenants and 30 
per cent of all share or other tenants in Minnesota as renting from 
relatives. A study of cash rents made by the United States Depart- 
ment of Agriculture in 1920 showed that cash-rents on farms rented 
from relatives averaged nearly a third less than on other farms in Iowa 
and southern Minnesota.’ In the rest of Minnesota the difference 
seemed to be less, but still was significant. Share leases also favor 
tenants that are related to the landlords. 


Tenancy in Relation to the Credit Problem 


It is not the purpose of this study to analyze the tenancy problem, 
but merely to show its relation to the credit problem. Young men ordi- 
narily become tenants because they do not have money enough or finan- 
cial backing enough to buy farms. If they could get more financial 
backing, or credit on less security, fewer would be tenants and more 
would be owners. Also, many would become tenants sooner than at 
present. But these would not necessarily be desirable changes. It is a 
mistake to have young men become tenant operators before they are 
old enough and experienced enough to become successful managers. It 
is an even more serious mistake for them to become owner operators 
before they are ready. As long as they have only limited capital, they 
can earn a larger return upon it by using it as a tenant’s working capital 
than as an owner’s fixed investment in land. Working as a farm laborer, 
even as a hired laborer away from home, is an excellent experience for 
a young man. This is especially true if his employer is more successful 
or more progressive than his father, which is often the case. Tenancy, 
especially on a share basis, is a valuable apprenticeship in farm man- 
agement, especially if under a progressive landlord or one who has 
been a successful manager. More liberal credit arrangements, there- 
fore, might easily do more harm than good. They would lead to a 
waste of the human and soil resources of the nation. 


7 Relation of Land Income to Land Values, by C. R. Chambers, U.S. Dept. Agr. Bull. 
1224, pp. 54, 100-102. 1924. f y > 
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On the other hand, keepirig a young man a farm laborer after it is 
time for him to marry and establish a home for himself is extremely 
disheartening and a waste of the best resources of the nation. It is 
almost as disheartening and wasteful to keep a farm family in the tenant 
stage after it is ready to establish a farm home of its own. 


Mortgage Encumbrance in Minnesota as Compared with That of 
Other States 

A smaller proportion of the owner-operated farms in Minnesota in 

1925 were mortgaged than in any neighboring states except Illinois 

(Table III). It had relatively fewer mortgaged farms than the aver- 
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Fig. 7. Percentage of owner farms encumbered and ratio of debt to value 
of full owner mortgaged farms, by sections, 1925. The state is divided into 7 
sections according to type of farming and other geographic conditions. These 
sections are designated as follows: 
: I Northwest small grain section 
{ II, Central small grain and dairy section 
III Southeastern small grain and dairy section é 
IV Corn, small grain, hogs, and beef cattle section 
V_ Corn, small grain, and dairy section 
VI _ Potato, truck, and dairy section 
VII Cut-over section, 
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age of all the west north central states (Minnesota, Iowa, Missouri, 
North Dakota, South Dakota, Nebraska, and Kansas) ; but more than 
the average of all the east north central states (Wisconsin, Illinois, 
Michigan, Indiana, and Ohio). The figures indicate that the percentage 
of mortgaged farms in Minnesota decreased between 1920 and 1925 as 
in all neighboring states except South Dakota and Iowa. The percent- 
age of mortgage indebtedness increased less between 1900 and 1920 
than in all neighboring states except Iowa and Illinois. Between 1890 
and igoo the states west of Minnesota showed large decreases in the 
percentage of farms mortgaged ; those to the east, small increases. Min- 
nesota showed a small decrease. About the same comparison can be 
made as to ratio of debt to value of mortgaged farms. Iowa and Wis- 
consin had appreciably higher ratios than the rest of the group in 
1925—lowa, because of a spectacular increase, and Wisconsin, mostly 
because it always has been high. Iowa showed a much larger increase 
in the average size of mortgages between 1920 and 1925; and Soxth 
Dakota and Illinois a somewhat larger increase. 

It thus appears that Minnesota occupies an intermediate position 
between the east central and the west central states in most phases 
of mortgage encumbrance. Wisconsin has always had a great deal of 
mortgage encumbrance and very little tenancy. Many of its people came 
from countries of Europe where the ownership of small farms under 
mortgages has become an established arrangement. Also, its type of 
farming favors such a system of tenure. The Dakotas and Montana 
show the influence of being comparatively new regions with a relative 
scarcity of capital. 


Distribution of Mortgage Indebtedness Within the State 


This comparison with neighboring states helps us to understand con- 
ditions in different sections of Minnesota. The percentage of farmers 
in Minnesota reported encumbered and the ratio of debt to value, by 
sections, is given in Tables XVI and XVII for the census years from 
1890 to 1925. 

TABLE XVI 


PERCENTAGE OF OwneD Farms ReportEp ENCUMBERED, BY SECTIONS, IN Minnesota, 
1890 TO 1920* 


Section 1925 1920 I9g1o0 1900 1890 
State vos aver amin wikia Calvi 48.6 52.4 46.0 43.3 45.4 
| Me Caer cura uaa ac CERN AAC AiO At 58.1 59.4 60.1 51.9 51.9 
ED Eye fia cccaus Soeate atom ee 48.7 51.7 47.2 47.7 49.9 
IW id doco Men clos mo dooee 38.0 42.8 32.0 35.2 37-5 
LIN pr Gach. Ualarvopesiiess eke tere 56.2 59-3 56.2 55.0 53:55 
Wi eis. 3 sith ae uauehe a mcinie niente 45.5 48.9 40.7 38.9 46.1 
IVE Repaee rederete te aneieree seen ate 44.5 47.3 41.6 36.9 36.4 
Wilh. “Wee tie aesscclao 6 auhtentenueten 47.3 54.3 Be 16.4 17.6 


* See Figure 7 for outline of sections. 
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Sections I and IV have a high percentage of farms mortgaged, like 
Iowa and eastern North and South Dakota. Section IV is much like 
Iowa in its mortgage encumbrance. Sections III, V, and VI resemble 
western Wisconsin rather than Wisconsin as a whole. Section VII, 
the new cut-over section, shows the same sort of increase in mortgage 
indebtedness that occurred in Montana and to a lesser extent in North 
Dakota. Previous to 1900 few farms in this section were sufficiently 
developed to warrant loans being made on them as security. After from 
20 to 25 acres have been cleared and subdued, the farmer often wishes 
to borrow money in order to clear enough land to provide an income 
large enough that he need not work away from home. As his cleared 
acres increase, he needs better buildings, more dairy cows and ma- 
chinery. For these reasons, the percentage of mortgaged farms grew 
rapidly in Section VII and by 1925 nearly equaled the average for the 
state. 


TABLE XVII 


Ratio oF Dest To VALUE oF Mortcacep Farms, By Sections, In MINNESOTA, 1890 TO 1925 


Percentage of farm value mortgaged 


Section 

1925 1920 1910 1890 
ES MUM MOne SIL ern iciers wah six'e tes s+ es 43.6 Bes 26.4 31.6 
Sloe ici a6 ARyEle OFLC eo hot COREL RRERRCCRR 42.4 25.4 25.6 B25) 
LEN 5.5, SegtGhdi tnd Cate ge Ren 43-4 28.9 25.8 31-5 
TATA aS co itis aiilte te er 44.4 29.2 27.8 33-0 
Wi Meer Precise sheisiacsieysisiaid de sie cies 5 hi8 46.9 26.1 26.8 30.7 
eT TN a siainuca vein ne 8s pe He es 48.5 30.1 298 34-3 
SV Slee RET Ae licrs a ele tc) ais). -2 0 erage 6 alee 40.2 28.4 247 25.2 
I yee ctas ela sdltvasur' yo PR ui Rscic susyeusiieieitaie 34.6 25.5 21.4 20.0 


From 1920 to 1925 the percentage of farms mortgaged decreased 
in all sections of the state. The lowest decline was 1.3 per cent in 
Section I, where conditions are probably more stable than in any other 
area. The “land boom” of the post-war period is thought to have dis- 
turbed this area very little. The greatest reduction in the percentage 
of farms mortgaged was in Section VII, where it amounted to 7 per 
cent. The reduction in the other areas varies from 2 to 5 per cent. 
The explanation of this reduction has already been given. Some of 

the differences shown are probably due to the functioning of the credit 
mechanism. 

All sections show an increase in the ratio of indebtedness to value 
on owner mortgaged farms. The smallest increase was 9.1 per cent 
in Section VII and the largest, 20.8 per cent in Section IV. Data for 
the various sections of the state as to changes between 1920 and 1925 
in per cent mortgaged, value of farm land and buildings, and ratio of 
mortgage debt to value are given in Table XVIII. 
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TABLE XVIII 


CHANGES IN PERCENTAGE MorTGAGED, VALUE OF LAND AND BUILDINGS, AND RATIO OF 
Dest To VaLuEe, MINNEsoTA, BY SECTIONS, 1920 TO 1925 


Section Per cent mortgaged Value of land and buildings Ratio of debt to value 
Mi rahsevakacis Px eagle alee amt esis —1.3 —31.0 +17.0 
EE) Grafs pn onals in iraie Mee iereaaers —3.0 —25.3 +14.5 
1D Sein or eco eusors richie —4.8 —=25-2 +14.2 
ENG iets wii ss cimieet oee —3.1 — 36.5 +20.8 
VE tcictal's g exsicartin atetat ere —3.4 —25.1 +18.4 
Wel reicciecintarsl alaketesctenst srs —2.8 —15.3 +11.8 
UTS «vay wteuees oleate ate te —7.0 : +10.8 + 91 


These data show that in Section VII the value of land and build- 
ings increased 10.8 per cent, in other sections it decreased from 15 to 
36 per cent. This exp!ains why the ratio of debt to value in Section 
VII increased less than in other sections. The same relationship ap- 
pears for the other areas, those with the largest decrease in land values 
having the largest increase in ratio of debt to value, and thus in order 
down to those with the smallest decrease in land values. The decrease 
was greatest after 1920 where land values increased most between 1915 
and 1920 and where the mortgages were largest absolutely as well as 
relatively. As has been explained, the absolute increase in mortgage 
indebtedness shown in 1925 was largely due to the refunding into mort- 
gage indebtedness of non-mortgage indebtedness contracted prior to 
1920. 

Geographic Comparison of Mortgage Encumbrance and Tenancy 
Combined 

It will be remembered that when the value of rented farms was com- 
bined with the mortgage indebtedness to discover the value of farm 
real estate not owned by those who operate the farms, the percentage 
was 48.8 for Minnesota in 1925. This means that the operators of 
Minnesota farms own only 51.2 per cent of them. Similar data for 
1890, 1910, 1920, and 1925 for Minnesota and neighboring states are 
given in Table XIX. This percentage has declined rapidly in all since 
1910, less in Minnesota than in the Dakotas, but more than in Wisconsin 
and Illinois. In Minnesota, the Dakotas, and Wisconsin, the percentage 
was lower in 1890 than in 1910; in Illinois and Iowa, the decrease has 
been continuous since 1890. In Iowa, only a little more than a third 
of the land is really owned by those who operate it, and there was the 
startling decrease of 9.0 per cent between 1920 and 1925. In Minnesota 
the comparable decrease was 5.7 per cent; in South Dakota, 10.3 per 
cent. 


CHANGES IN PERCENTAGE OF TENANCY FOR THE UNITED 


STATES, VARIOUS GROUPS OF STATES, AND FOR MINNE- 
SOTA AND NEIGHBORING STATES, 1880 TO 1925 
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Fig. 8. In the period between 1910 and 1925, tenancy actually decreased in the 
New England and the Middle Atlantic states, and between 1920 and 1925 it decreased 
in the South Atlantic states. In the Atlantic Coast states as far south as Virginia, 
the recent tendency has been for tenancy to decline. Tenancy increased only 1.6 per cent 
in Wisconsin from 1910 to 1925 and only 0.6 per cent in Illinois, while it increased 6.1 
‘per cent in Minnesota. During the same 15 years it increased 20.1 per cent in North 
Dakota. Between 1920 and 1925, tenancy in the United States increased only 0.5 per cent. 
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TABLE XIX 


PERCENTAGE OF ReAt Estate VALUES OWNED By OPERATORS IN MINNESOTA AND 
NEIGHBORING STATES, 1890 TO 1925 


Areas 1925 1920 1910 1890 
Mintiésotat mine ismemitas fitsse hemor 51.2 56.9 65.5 51.9 
North Dakota (fesmceess vocal certs § 50.5 56.4 yee § 69.1 
South? Dakota. seomticies «sn. sis « ae vias 43-1 53-4 63.2 59.6 
Montariaw, sat siterrmeate enrol ve nists nier= 57.2 64.7 72.5 86.7 
TOW CPi ie a iw cia eats Gece rete 35-4 44.4 51.5 54.8 
NVIESCONSI” Tit cretsrateruntcte nisi euslee aes S75 61.5 66.0 65.5 
MOURNS 3 Coriat evn abste aie stale aterm Tae ae cee 39-4 40.1 45.8 52.9 


Progress of Individual Farmers 

Altho the farm wealth of Minnesota and neighboring states is pass- 
ing more and more into the hands of landlords and mortgage holders, 
the progress of individual owner-operators may not be so discouraging. 
Discussion of farmers’ conditions in recent years has been too much 
in terms of those who bought land between 1918 and 1921. In the 
survey of 172 owner-operated farms made in the fall of 1924, 49 had 
bought farms between 1916 and 1921, and 36 before 1900. After de- 
ducting gains in gifts received since the time of purchase, all groups 
show a net gain except that of 1919-20, when land prices were at 
their highest (Table XX). Farmers who bought before the land 
boom all made substantial net gains and even those who bought after 
1920 made some gain, on the average. Many of the older farmers, 
who purchased land in the earlier years, had prospered and sold out 
prior to the time of the survey. It is probable that those not included 
in the earlier periods because they had sold their farms previous to 
the survey would have shown a higher net gain than the average for 
those who continued to farm. On the other hand, numerous instances 
were related by farmers and bankers of individuals who had bought 
land at peak prices in 1919 and 1920, who had, prior to the survey, lost 
their farms, with whatever equity they had in them. The 1921-24 
group in Table XX contains only 2 farms purchased in 1924, 2 in 1923, 
and 4 in 1922, leaving 11 purchased in 1921. Many of the farms bought 
in 1921 were purchased for considerably more than they would sell for 
in 1924. ‘ * 

The average net gains per farm for these 7 groups, after deducting 
gains from inheritance since purchase, were $14,751 ; $13,523; $11,255; 
$5,824; $6,297, —$89 and +$249. The large losses sustained by some 
in the last two groups were possible because these individuals had a 
considerable accumulation when they bought their farms. In many. 
instances persons buying farms during the land boom period sold other 
farms at high prices just prior to their new purchase. 
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TABLE XX 


Net Gains or Losses PER FARM, GrouPpED ACCORDING To TIME OF PuRCHASE* 


1880-90 1891-1900 1901-10 1911-15 1916-18 1919-20 1921-24 


ING) POUL ATMS Menace oreus. 6 ousiviecs: as 610s II 26 35 32 21 28 19 
Average acres per farm......... BUI 151.3 188.3 138.8 138.6 110.0 114.7 
Net assets per farm at purchase..$ 889 $ 1,118 $ 3,169 $ 4,813 $ 6,729 $7,690 $7,112 
Net assets’ per farm in 1924..... 15,912 15,730 15,005 10,761 13,405 7,790 7,570 
Gain in net worth from time of 

Purchase! tO TO24% cies cus sires os 15,023 14,612 11,836 5,948 6,676 100 458 
Gary Eronry gibtSic.n siete ele ss. 00s 3's 5 272 1,089 581 124 379 189 209 
Smallest net gain or largest loss 

PRG VAG YOAPRL  apeysgre pie % wie oie eae 5,375 3,025 3,050 1,865 1,100 —10,800 —8,960 
Largest net gain for any farm... 44,629 45,200 36,175 20,800 253,050 6,910 5,210 


* Source of data, 1924 survey. 


The survey farms are regrouped according to time of purchase in 
Table XXI. The second column of the table gives the number of 
owner-operated farms in each group. The rest of the table gives the 
relation of total liabilities to total assets at the time of the survey, in 
the following order: (1) the number of farmers having no liabilities, 
(2) the number whose total liabilities were respectively from 1 to 20 
per cent, 21 to 40 per cent, 41 to 60 per cent, 61 to 80 per cent, and 
81 to 100 per cent of their total assets. The data indicate two impor- 
tant conclusions: (1) that excessive debt is confined to farmers in the 
last three groups. Only one farmer among 104 who had bought farms 
before 1916 had debts amounting to more than 61 per cent of his assets, 
while 12 out of 68 who purchased farms after 1916 were indebted for 
more than 61 per cent and 6 for more than 81 per cent of their total 
assets. (2) Of the farm owners included in this survey, 3.5 per cent 
are near bankruptcy, and 4 per cent more probably do not have re- 
serves sufficient to remain solvent if crops should fail for a year or 
two or if the price level for the products they have to sell should 
decline still lower for a considerable time. 

The data given were taken four years after deflation set in, and in 
the meantime many farmers in Minnesota had gone bankrupt and many 
more had turned over their farms to their creditors without legal pro- 
ceedings. An inquiry conducted by the United States Department of 
Agriculture in 1923 found that between 1920 and March, 1923, 4 per 
cent of the owner-farmers in fifteen corn and wheat producing states 
had lost their farms by foreclosure and 4.5 per cent more had let their 
farms go to creditors without legal proceedings.* This inquiry also 
found that the number of tenants who lost their savings was materially 
larger than the number of owners. 


8The Year in Agriculture, 1923, by Henry C. Wallace. U.S. Dept. Agr. Yearbook, 
PP. 9-10. 
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TABLE XXI 


ToraL Liapititres ComMPaRED wiTH ToTaL Assets, Farms GROUPED BY 
Periops OF PuRCHASE 


Total No. of farmers having indebtedness indicated 
Purchase vo. -- 
periods of farms No debt 1-20 21-40 41-60 61-80 81-100 
per cent per cent per cent per cent per cent 

TOSL-O0 ere score It 7 4 fo) te) to) ° 
TSO E*TQOO. 6 eee ws 26 17 8 I ° Co) te) 
FO ORULO ae atete nya atina ets 35 v7 18 7 3 ° {) 
MQRTATS cooled orton © 2 9 9 10 3 I ° 
be fit) Sieh seeears eno peer ecan 21 3 4 8 4 I I 
TOWG=20 iis were. w restos 28 4 5 } 6 2 4* 
LO 2IS2At crerdieanenise ee 19 I 2 9 3 3 I 

Totals wintaeweccetarc 172 48 50 42 19 7 6 

Per (cent: os. i 100.0 28.0 29.0 24.5 11.9 40 35 


*In one case the percentage of liabilities was 122. 


The progress of the farmers with mortgages in 1924 and of the 
172 owner-operators is analyzed in further detail in Table XXII. On 
the average, the mortgage indebtedness of the mortgaged group appears 
to have increased slightly, but the increase in farm values from $8,500 
to $11,800 since purchase had more than offset this, so the percentage 
of debt had decreased from 55.7 to 40.3 per cent. For the whole 
group, both unencumbered and encumbered owners, the ratio of debt 
to value had decreased more than half. In due time, however, these 
owner-operators will retire or die and their farms will pass into the 
hands of new owners under heavier mortgages. This will probably 
keep the percentage of owners’ equities from ever rising greatly. Even 
while this particular group has been reducing its ratio of debt to value 
from 49.7 to 23.3, new farmers have been buying farms under heavy 
mortgages, so the community average has probably been increasing. 


TABLE XXII 
VaLue anp Dest at PURCHASE AND IN 1924 ON OwNER-OPERATED FARMS IN 1924 SURVEY 


Mortgaged All owner- 

owner-operated operated 
farms in 1924 farms 

NOs: O£  Paragis Sz v.ccor. seta shale ten ata Ue eee Re Eee a a I12 172 

Value of real estate per farm 

Ato purchase Jhon ie angus ty nea teataeis tie clue ecko eaters $ 8,500 $ 7,650 
TastO 24: wavsrens ols eis ece cileusten stale aie terete steven ya eet $11,800 $12,600 
Debt per farm at purchase)... 02 .s.0000dese este eee $ 4,700 $ 3,800 
Mortgage debt per farm, fall of 1924....-...-.--+e0e005 $ 4,800 $ 2,935 
Percentage of debt atepurchases.* «-monmsiae eae sera 55.7 49.7 
Percentage of mortgaged debt in 1924................ 40.3 23.3 
Decrease in percentage of mortgage indebtedness by 1924 15.4 26.4 


_ At the rate of payment of mortgage principal indicated in Table & 
XXII, farmers will be a long time in getting out of debt. The increase © 


in land values has increased their equities. It is sometimes urged that 


cae 


a a Y 


3 


a 


z: 
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farmers should not worry about getting out of debt. Corporations 
do not worry greatly over their bonded debt so long as it is in reason- 
able proportion, and why should farmers worry over mortgage debt? 
One significant answer to this is that if each generation of farmers 
does not pay off a good part of its mortgage debt, and the farms con- 
tinue to make their contribution to the city in the form of payments 
to retiring farmers and heirs to farm estates, it will be only a short 
time until all the land will be owned by landlords and mortgage holders. 
It is probable, however, that less farm wealth will be bequeathed to the 
city in the future, as smaller farm families mean fewer city heirs. 


Sources of Long-term Loans 

The principal sources of long-term loans used by Minnesota farm- 
ers are local banks, former owners of the land, the Federal Land Bank 
of St. Paul, Minnesota Rural Credit Bureau, retired farmers and other 
individuals, investment companies, life insurance companies, and joint 
stock land banks.® With the exception of the federal land banks, joint 
stock land banks, and the Minnesota Rural Credit Bureau, there are 
no satisfactory sources of data as to the volume of loans furnished by 
the various agencies. Table XXIII presents data gathered for small 
groups in six Minnesota counties in the fall of 1924. While the sample 
is small, the data probably show fairly well the relative importance of 
the principal sources. As might be expected, the largest volume of 
loans from any single source was from former owners of the land, 
with local banks ranking second. The former owners were supplying 
a little more than one fourth of the mortgage loans. No other source 
of long-term farm credit has been or probably could afford to be as 
liberal in assisting tenants with little credit or capital other than stock 
and machinery to become independent operators of their own farms. 
In Hubbard County, in the cut-over region, there are few retired 
farmers because of the relative newness of farming. Hence in this 
area less than one-tenth of the loans were from this source. 

Retiring farmers often give credit for a large part of the selling 
price when disposing of their farms. It is not uncommon for the 
purchaser to make an initial payment of even less than 10 per cent of 
the purchase price. Sometimes a contract for deed is given and at 
other times the seller takes a mortgage on the farm. Another method, 
used when the seller wants considerable cash, is for the buyer to 
borrow as much as possible on a first mortgage and the seller to take 
a second mortgage for the unpaid balance. When land prices have 
gradually advanced for several years, owners are much more willing 
to sell with small payments down; when the land market is stagnant, 


_ . ®By source is meant the person or institution that advances the money direct'y to the 
farmer and not the ultimate resting place of the loan. 
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it is often the only way a sale can be made. The plan usually works 
out well when prices of land are advancing, but when the farms have 
been purchased just preceding a great deflation, it has too often resulted 
in the loss of the invested capital. 


TABLE XXIII 


PERCENTAGE OF MortGAGE Loans oN OwneR FARMS FROM VARIOUS SOURCES, 
MINNESOTA, 1924 


Steele | Cottonwood Polk Norman Chisago Hubbard All 


Source County County County County County County areas 
per cent per cent per cent per cent per cent per cent per cent 
Locals banks eae cerieteters 31 8 14 23 28 26 21 
Former owner ........ 24 35 28 27 26 10 27 
Federal banks ........ I I 37 21 14 5 12 
Joint stock land banks. . ° 5 6 I I 4 3 
Minnesota Rural Credit 

BiucGau wince. eee oO 15 I 6 18 43 10 
Private and retired farm- 

CSN ont ts oie 21 2 Ui 7 10 3 9 
Investment. company... 3 20 I 6 2 7 8 
Life insurance company 0 10 6 6 ° ° 4 
RelA Ves) are areme cin teeters 20 4 ° 3 I 2 6 


Local banks were the source of about one-fifth of the owner-farm- - 


ers’ mortgage loans. This figure is probably too high, as in many 
cases the loans reported as obtained from banks were made by the 
banks as agents of insurance companies and investment companies. The 
farmers obtaining the loans did not know, in many cases, whether the 
bank made the loan directly or merely acted as agent. It is apparent 
that with the exception of the former owners of the land, farmers still 
go oftener to their local banks for mortgage loans than to any other 
one source. In some states, the state department of banking collects 
data on farm mortgage loans carried by state banks, but in Minnesota 
such data are not segregated for state banks. The total loans secured 
by farm real estate held by national banks in Minnesota as of June 
30, 1925, amounted to $22,077,000."° We do not know how many loans 
were originally made to farmers and later sold; neither do we know 
how many were bought from a mortgagee or how many were on farms 
in other states or on rented farms. If the above sum was all on Min- 
nesota farms, on the basis of a total estimated mortgage indebtedness 
of $495,569,400 as of January 1, 1925, the national banks held 4.5 per 
cent of the total. Reports of the comptroller do not show the amount 
of farm mortgage loans held by national banks in Minnesota in 1920. 
It has been estimated that 26 per cent of all loans were held by Minne- 
sota banks in 1920.1 The amount of loans carried by banks as invest- 
20 Report of comptroller of currency, 1925, p. 632. 


11Farm Mortgage Loans by Banks, Insurance Companies, and Other Agencies, by V. N. 
Valgren and Elmer E. Engelbert. U.S. Dept. Agr. Bull. 1047, p. 3. 
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ments must not be confused with the amount originally made by them. 
Many of the loans they make are sold to insurance companies, to loan 
companies, to investment banks, and to an individual clientele. 

The Federal Land Bank of St. Paul ranked third in importance as 
a source of farm loans in Minnesota and the Minnesota Rural Credit 
Bureau fourth. Practically all loans made by these institutions are 
on owner-operated farms. The joint stock land banks make some 
loans on rented farms. There is nothing to prevent an owned farm 
from becoming a rented farm after the loan is once closed. In 
the survey, the Federal Land Bank was found originally to have made 
12 per cent and the Minnesota Rural Credit Bureau 10 per cent of the 
total volume of mortgage loans. The amount of net loans outstanding 
as of January 1, 1925, and January 1, 1920, for the Federal Land Bank 
of St. Paul, the joint stock land banks, and the Minnesota Rural Credit 
Bureau, together with the percentage that the outstanding amounts were 
of the estimated mortgage debt on all owner-operated farms is shown 
in Table XXIV. These percentages and the percentage of loans sup- 
plied by each of the three sources as found in the 1924 survey check 
rather closely. In the survey, the credit bureau was found to have 
supplied 10 per cent of the loans and the calculated figure is 9.3 per cent. 
After only two years of operation the Minnesota Rural Credit Bureau 
had loans outstanding equal to between 9 and io per cent of the total 
mortgage debt on owner-operated farms. 


TABLE XXIV 


Net Loan oF FeperaAL Farm Loan SystEM AND MINNESOTA RuRAL CREDIT BUREAU IN 
MINNESOTA, 1920 AND 1925 


January 1, 1925 January 1, 1920 
Mortgages on Mortgages on 
Volume owner-operated Volume  owner-operated 

farms farms 

per cent per cent 
Federal Land Bank of St. Paul... $34,382,200 — 9.7 $14,607,900 4.6 
Joint stock land banks.......... 33,748,339 9.5 5,953,600 1.9 
Minnesota Rural Credit Bureau.. 32,296,148 9-3 i = 


* Not in operation. Organized in 1923. 


The Federal Land Bank of St. Paul, on January 1, 1925, was sup- 
plying about 9.7 per cent of the mortgage loans on owner-operated 
farms and the four joint stock land banks about the same percentage 
(Table XXIV). Together they had outstanding about 19 per cent of the 
loans on owner-operated farms, as compared with 15 per cent as found 
by the survey. Part of this discrepancy is due to the fact that the 
federal land bank began loaning in 1917 and the jo‘nt stock land 
banks in 1919. In the meantime, some of the farms with federal farm 
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loans had become rented farms, for which class mortgage data were 
not obtained in the survey. Moreover, joint stock land bank loans 
are sometimes originally made on rented farms. Together, the three 
institutions were supplying between 28 and 30 per cent of the mortgage 
loans on owner-operated farms on January 1, 1925. In 1920, they were 
supplying only 6.5 per cent. 


TABLE XXV 


NumsBer AND Amount oF Loans Mapber, FRoM Date oF ORGANIZATION TO 
END OF 1927, BY YEARS 


Minnesota Rural Credit 


Federal Land Bank of : 
St. Paul Joint stock land banks* Bureauy 
In- 
Year No. Inter- No. Inter- No. ter- 
of Amount est of Amount est of Amount est 
loans rate loans rate loans ‘ rate 
per 
per cent per cent cent 
OT erage 835 $4,940,800 5 116 $ 993,200 5% 971 $ 3,787,200 5% 
TLO26.4 meee 1,053 6,544,500 5 164 1,141,162 514-6 1,517 5,914,900 5%4 
CORI Ac 572 2,850,200 5-5% 618 5,440,010 5%4-6 1,317 6,144,200 514 
TOS Ar reia t's 737 4,284,500 5% 274 2,377,800 542-6 5,338 27,590,400 5%4 
TOL araiacce 1,324 6,696,500 5% 1,636 13,574,100 6 794 3,867,100 5% 
NODSE Acre 1,849 8.338.400 5%4-6 1,451 13,685,750 6 
TOLD se laeid 722 3,937,400 6 22 124,800 6 
TO20.. 0546 615 3,616,400 5% 31 850,000 6 
1919...-.. 1,430 5,921,700 5% 661 5,953,600 6 
TO Lie ees 1,478 4,792,900 5% 5 
3 fey Cy Sees 869 1,164,500 5-5 


* No report for loans in 1927 was received from the Des Moines Joint Stock Land Bank. 
7 Not organized until 1923. 


The Federal Land Bank of St. Paul began operations in 1917. The 
first joint stock land bank operating in Minnesota was chartered in 
1918 but transacted little business until the following year. Four more 
were chartered in 1919 and one in 1922. Two of these five joint stock 
land banks later combined with others so that at the beginning of 1927 
there were but four operating in Minnesota.12 The Minnesota Rural 
Credit Bureau was organized and began accepting applications for 
loans in the latter half of 1923. The annual number of loans and the 
volume of loans made from the time of organization to the end of 
1927 by the foregoing organizations, together with the prevailing rate 
of interest, are shown in Table XXV. Both the federal land bank 
and the joint stock land banks loaned nearly 6 million dollars in 19109. 
The slump in loans made in 1920 and 1921 was due to the litigation _ 
then in process to determine the constitutionality of the federal farm 
loan act. The volume of loans made in 1922 and 1923 by the federal 


** The four joint stock Jand banks operating in Minnesuta were: 
Southern Minnesota Joint Stock Land Bank, Redwood Falls, Mina. 
Bankers Joint Stock Land Bank, Milwaukee, Wis. 
Des Moines Joint Stock Land Bank, Des Moines, Iowa. 
Minneapolis Joint Stock Land Bank, Minneapolis, Minn. 
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farm loan banks in Minnesota is the largest reached by them. This may 
be partly accounted for by the accumulation of applications from the 
two previous years. Their amortization plan of loaning and the rela- 
tively low interest rates charged were also factors. Other important 
factors were the shifting of loans from mortgage companies, owing to 
the great contraction of their market for loans among individuals, and 
also the considerable number of farmers who just at that time were 
funding their non-mortgage debts into mortgages. The large volume 
of loans made by the Minnesota Rural Credit Bureau in 1924 largely 
accounts for the reduced volume by the federal land bank and the 
joint stock land banks during that year. The volume of loans made 
by the Federal Land Bank of St. Paul in 1925 was lower than in 
any year since 1917. Conservatism and the desire to safeguard the 
institution from unsound loans may account for this. The investigation 
of joint stock land banks by the Treasury and the fact that one of the 
four banks operating in Minnesota was placed in receivership on July 
1, 1927, may largely account rks the low volume of loans made by 
them in 1927. 

The Minnesota Rural Credit Bureau did a big business in 1924— 
made 5,338 loans and loaned $27,590,400. Great pressure for money 
was brought to bear through local banks in order to liquidate, so far 
as possible, their “frozen” loans to farmers. There was a reaction 
against this activity in the 1925 session of the state legislature. The 
law was revised and the bureau reorganized. From 1925 to 1927 less 
than 1,300 loans per year were made, as compared with over 5,000 
-in 1924. 

The growth in the outstanding volume of loans in these new insti- 
tutions has been continuous and pronounced. The Federal Land Bank 
of St. Paul, from the time of its organization to the end of 1927, made 
11,484 loans and loaned $53,087,600. At the end of the tenth year 
of operation the number of loans outstanding was 2,844 less and the 
money outstanding was $9,469,800 less than the total loans to that 
date. This difference is due partly to the refunding of old loans into 
larger ones, partly to loans paid off, and partly to amortization pay- 
ments. At the end of 1927, the joint stock land banks had made 4,973 
loans representing $44,140,422. From 1923 to the end of 1927 the 
Minnesota Rural Credit Bureau had made 9,961 loans representing 
$47,303,800. The institutions are too new to make a safe prediction 
from the data at hand, but if not disturbed or curbed by legislative 
action, it seems probable that their business will continue to expand for 
several years. 

Both the Federal Land Bank of St. Paul and the Minnesota Rural 
Credit Bureau have been less appreciated by the farmers in the southern 
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tiers of counties in Minnesota than elsewhere in the state. Loans are 
available in the southern counties from other sources at nearly the same 
rates, especially from retired farmers and insurance companies. Be- 
sides, many farmers do not yet appreciate the amortization feature in 
farm loans. The Rural Credit Bureau has probably loaned more liber- 
ally in the cut-over section than has the Federal Land Bank of St. Paul. 
In Hubbard County, for example, 43 per cent of the total volume of 
loans among the farmers visited during the 1924 survey were obtained 
from the former as compared with about 9 per cent from the latter, 
including loans made by the joint stock land banks. 

In both number and volume, and both absolutely and relatively to 
the total number and value of farms, the loans of the Minnesota Rural 
Credit Bureau have been larger in the northern and western counties 
than in the southern counties. (See Appendix, Table I.) The northern 
part of the state has been most discriminated against by the insurance 
companies. This is partly because the companies have regarded the 
loans in the southern part of the state as being more conservative, and 
partly because the loans per farmer are necessarily much smaller in the 
less developed sections of the state. The expense of examining the 
title and handling the management is as much for a $1,000 loan as 
for a $10,000 loan. In addition, the mineral and oil reservations com- 
monly found in deeds to land in the cut-over section have been found 
objectionable to the insurance companies and also to some commercial 
loaning companies. In some cases, former deeds have reserved the 
right to repurchase the land for a stipulated sum in case oil or mineral 
‘is found on the land at any subsequent time. The federal land bank 
and the Minnesota Rural Credit Bureau are permitted under certain 
conditions to make loans to farmers having such titles to their farms. 
Uoans may be made by the federal land banks on lands where oil, 
gas, and mineral rights have been reserved or leased, provided such 
lands are primarily agricultural. The land bank, however, inquires 
into the extent to which exercise of such rights may interfere with the 
use of the land for agricultural purposes and requires the borrower to 
include in his mortgage a statement of all his rights under such reserva- 
tion and leases and an agreement to apply his royalties to the payment 
of the mortgage. Life insurance companies are still holding about twice 

_as large a volume of farm loans in Minnesota as the federal and joint 
stock land banks combined. Life insurance companies are slowly taking 
up the idea of making amortized loans on farms. Their loans in Minne- 
sota increased from $34,000,000 in 1914 to $116,000,000 in 1923. The 
financing of long-term loans by relatives and retired farmers is also 
relatively more important in the southern part of the state. 
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On January 1, 1925, the Minnesota Rural Credit Bureau, the Fed- 
eral Land Bank of St. Paul, and joint stock land banks loaning on farms 
in Minnesota are estimated to have each held about 7 per cent of the 
estimated total mortgage indebtedness. National banks held 4.5 per 
cent, state banks 20 per cent, and insurance companies 27 per cent 
(Table XXVI). This accounts for the sources from which 72.1 per 
cent of the total mortgage indebtedness is obtained. It will be re- 
membered that the total mortgage indebtedness on January 1, 1925, 
was estimated to be $495,569,400. Deducting the amount of mortgages 
held by the sources named, there remains $139,798,400 in mortgages to 
be held by former owners, retired farmers, and miscellaneous sources. 


TABLE XXVI 


EsTIMATED PERCENTAGE OF Lonc-TERM MortcGacGe Loans OBTAINED FROM SEVERAL 
Sources 1n MINNESOTA 


Percent- 

Date Source Amount age of 

total 
Jan. %, 1925 Minnesota Rural Credit Bureau............ $ 32,296,000 6.5 
Pan. setO25, Federal Land Bank of St. Paul.........-. 75. 34,382,000 6.9 
June 30, 1925 mea ESTATES SS Opie. 5. seca. ain, «i erase ab Sain da youw o 22,077,000 4.5 
Hane tozom solmtustock land banks... 6.0. eee bem ee we 33,748,000 6.8 
June 30, 1925 imsirance .companiesf 22... ee ee es 136,000,000 27.4 
Ul ny Tes ISLA Er): 2 ee 99,268,000 200 
OSS os. ol eM eS $357,771,000 72.1 


* Report of comptroller of the currency, 1925, p. 632. 

7 The amount held by national banks is known. It equals 4.7 per cent of the estimated 
total mortgage indebtedness. V.N. Valgren, in U.S. Dept. Agr. Bull. 1047, estimated in 1920 
that all classes of banks in Minnesota held 26 per cent of the total amount of farm indebted- 
ness. It is here assumed that the ratio is about the same in 1925. Deducting 4.7 per cent 
leaves 21.3 per cent to be held by state banks of all kinds. This method is used only for the 
lack of data for a better approach. 

t Estimated actual for Dec. 31, 1923, was $116,496,565 as shown by report of association 
of life insurance presidents. 


Data for the amount of loans held by the Minnesota Rural Credit 
Bureau, the Federal Land Bank of St. Paul, and the joint stock land 
banks are official and complete. In estimating the total debt it has 
been assumed that the value of part-owner farms bears the same rela- 
tion to the indebtedness as that of full-owner farms. On the basis of a 
survey made in 1920, the United States Bureau of Agricultural Eco- 
nomics estimated that tenant farms in Minnesota were mortgaged for 
II.7 per cent of their value. It has here been assumed that the ratio 
of debt to value on tenant farms changed after 1920 to the same degree 
as it did on owner farms. The insurance company figure is estimated 
from the amount of loans outstanding on January 1, 1924, it being 
assumed that the rate of increase in 1924 was the same as during tke 
previous. year. 


‘ 
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The foregoing discussion of the principal sources of farm mort- 
gage loans leads to the conclusion that comparatively few farmers are 
fully acquainted with the advantages of the long-term amortization type 
of loan. The improvements and the farm itself are investments of 
such a nature that the returns from them are spread over many years. 
When interest rates are generally low, farmers are able, especially in 
the older communities, to obtain local money from private sources at 
a rate of interest as low as that offered by the Minnesota Rural Credit 
Bureau or the Federal Land Bank of St. Paul, or even lower. How- 
ever, most of these local loans are for five years or less and may need 
to be renewed at a time when interest rates are high, and perhaps when, 
owing to- money stringency, it may be difficult to borrow from new 
sources. At such a time institutions are usually able to make only a 
small percentage of the loans demanded. It seems reasonable to sup- 
pose that if the majority of farmers had their loans on an amortization 
basis, some of the hardships caused by a money stringency might he 
eliminated. Even if rates are not higher when the short term loans 
mature, there is in most cases a renewal expense to pay at the end of 
each five years until the loan is liquidated. With the amortization loan, 
there are no renewal expenses. The farmer, instead of the lender, 
occupies the preferred position. If he wishes to pay off all his lean or 
any part of it in or after five years, or pay more rapidly than the con- 
tract calls for, he may but can not be compelled to do so. If interest 
rates have risen, he continues to pay at the old rate. If they have de- 
clined, he may pay off his old loan and take out a new one. 

The farmer may get application blanks on which to apply for a 
state loan from the county auditor of the county in which he lives. In 
the case of the Federal Land Bank of St. Paul, the farmers have or- 
ganized national farm loan associations in all parts of the state to handle 
co-operatively the mortgage needs of its members. National farm loan - 
associations are fairly well distributed over the entire state, so that 
some association is within the reach of every farmer (Fig. 9). 


Second Mortgage Loans 


The second mortgage obligations found among the farmers in- 
cluded in the Minnesota survey were provided for as follows: Com- 
mercial banks, 61.5 per cent; retired farmers and relatives, 15.4 per 
cent; investment companies, 7.7 per cent. No special institutions have © 
been developed in Minnesota or elsewhere to handle second mortgages. 
The specialized first-mortgage loaning agencies are performing a splen- 
did service for the man who has capital or additional credit to finance 
50 per cent of the value of his land and 80 per cent of the value of 
his buildings. Evidently many will remain tenants until late in life if — 


eg: 
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they must wait until they are able to finance themselves to this extent. 
As land values become stabilized and more accurate methods of farm 
appraisal are worked out and used by loaning agencies, society may 
safely provide means of financing tenants for a very much higher per- 
centage of farm values. The risk on second mortgages is higher, and 
the rate charged should be sufficient to cover the additional risk. The 
same general organizations might provide the second mortgage facilities, 
but the means and method of financing should be entirely separate. 
Commission mortgages were formerly common in Minnesota. Be- 
fore present marketing facilities for farm loans were provided, local 
brokers waxed fat on commission mortgages taken from farmers as 
pay for securing a market for their mortgage loans. If the rates 
charged the farmers were 7 to Io per cent, a first mortgage was often 
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_ Fig. 9. Distribution of Agricultural Credit Corporations and National Farm Loan 
Associations in Minnesota on April 1, 1926. (Data supplied by Federal Land Bank of 
St. Paul.) 
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drawn and sold at 6 per cent interest, and a commission mortgage or 
‘ second mortgage payable yearly in amounts equal to from I to 4 per 
cent of the face of the loan was taken as pay for the services of the 
broker. The margins taken on commission mortgages tend to be less 
now than before the advent of special credit institutions, and usually 
the local brokers’ services are paid as a cash fee, which is deducted at 
the time of final settlement with the farmer. This seems to be a more 
business-like way of paying for the service than the commission 
mortgage. 


Mortgage Interest Rates 
The 1920 census contained an inquiry as to the interest rates paid 
on farm mortgages by owner operators. Figure 10 gives the results 
as county averages. The range is from 5.0 per cent in Carver County 
to 7.1 per cent in Koochiching County. The rates are, in general, 


MORTGAGE INTEREST RATES IN 1920, BY COUNTIES 
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Fig. 10. The interest rates ranged from 5 per cent in Carver County to 
7.1 per cent in Koochiching County. In general, rates are lowest in the counties 
west and south of the Twin Cities and highest in the counties north and northwest. 
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lowest in the counties west and south of the Twin Cities, and highest 
in the counties north and northwest. Figure 11 gives these rates and 
also the rates in 1890 according to the nine districts into which the 
state is divided for crop reporting purposes by the United States De- 
partment of Agriculture. The decrease for the state in this 30-year 
period is 2.6 per cent, ranging from 2.0 per cent in District g to 3.2 in 
District 2. (The 1890 rate for District 3 could have represented only 
the immediate vicinity of Duluth.) Farm mortgage interest rates tend 


MORTGAGE INTEREST RATES IN 1890 AND 1920, BY CROP 
REPORTING DISTRICTS 
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Fig. 11. The average decrease in interest rates for the state in the 30-year 
period was 2.6 per cent, ranging from 2.0 per cent in District I to 3.2 per cent 
in District II. 


to be low near the larger cities. In 1890, capital for farm development 
was very scarce in Minnesota. No census of interest rates was taken 
between 1890 and 1920. The rate of interest charged by banks on 


farm mortgages in 1920 was one per cent higher than the average rates 


_ for farm mortgage loans from all sources. Loans from relatives, former 
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owners, and retired farmers tend to be at lower rates than loans from 


local banks. Loans from public agencies have also been at lower rates 
than from local banks, in many parts of the state. The banker’s rates 
declined about one per cent, on the average, from 1921 to 1926, the 
decline ranging from 2.6 per cent in District 7 to 0.5 per cent in Dis- 
trict 6 (Table XXVII). If the average rate for mortgage loans from 
all sources declined in the same proportion, a census taken in 1926 
would have shown a state average of 5.2 per cent. Probably other rates 
declined less than banker’s rates. 


TABLE XXVILI 


InTEREST RaTES ON Farm MortGaces In Minnesota; ALL Farm MortTGaGES IN 1920; 
Locat BANK MorTGAGES, 1921 AND 1926 


1920 census Local bank mortgage loans 
Districts all farm 
mortgages 3 Ig2I 1926 
per cent per cent per cent 

Dicive SA Sie eather ieee eet ane 6.4 7.0 6.3 
eo EA ear ROS Chere See EST 6.6 8.1 b Pe 
Leet anc Bo chin Oe LI OS 6.3 8.0 7.0 
Aisttat oc tian vane Mater Pete a eek Neletets 5-9 6.5 5-4 
Siete iS I aya ae ctoLe mahi ee orecaere aie oom 5-7 6.3 5.6 
ea UE No eoI oe, Mens cor eo ears: 6.0 6.7 6.2 
| Re TO On RE ete a Coes 5.5 7.6 5-0 
B, Gurwevotanc ene. corahecis are eiehotetenece neers 5.4 6.2 5-4 
Dix aie ieletanotats (a erin stay ober sie istete | enone 5-7 fT as 
DUQESS ereeihes ooh latereiatais ve lectomad 5.8 6.8 5-9 


Rates in the cut-over section are surprisingly low. This is because 
land companies selling cut-over land furnish most of the credit. Studies 
of farms in northern Minnesota made by the Division of Agricultural 
Economics in 1919 and 1920 contain reports of 296 purchases on con- 
tract at an average interest rate of 6.1 per cent, and 161 purchases on 
mortgages at 6.5 per cent interest. But the rates on farm mortgage 
loans from local banks averaged 7.4 per cent. The land companies find 
it easier to ask $5 or $10 extra per acre for land than to ask 7 or 8 
per cent interest on mortgages—$25 to $30 an acre for used land seems 
not half so unreasonable to a buyer from Illinois as 7 or 8 per cent in- 
terest on a loan, and yet it amounts to about the same. 

There are good reasons for assuming that the activities of the new 
sources of loans have lowered the interest rate on farm mortgages. 
(1) Federal land banks have standardized farm mortgages. The fed- 
eral appraisers, presumably, are not influenced by local considerations. 
Mortgages are deposited as security for bonds, which are instrumen- 


talities of the government and for which the twelve banks are jointly . 


liable? (2) The market for mortgage bonds has been broadened. 


18 The government does not guarantee these bonds, but being instrumentalities of the goy- 
ernment they are tax free. : 
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Bonds are now issued in denominations as low as $40. The bonds are 
suitable investments for savings banks, and are eligible as security for 
deposits of government funds. Further, the income from farm loan 
bonds is exempt from federal, state, and local taxation. 

There is also some statistical evidence that federal land banks have 
lowered interest rates paid by farmers on mortgages. The margin be- 
tween the rates charged by savings banks on first mortgage farm loans 
in Minnesota and the average rates earned by ten high-grade railroad 
bonds and the average rate on prime commercial paper, is less now than 
before the federal land bank began operating (Fig. 12). The activity 
of the federal land bank in Minnesota is probably one of the factors 
affecting this change. Another factor is the decreasing risk in con- 
nection with farm loans as farm communities are developed. Since 
1920, the market outlets for farm loans through farm mortgage com- 
panies have been demoralized. The Federal Land Bank of St. Paul 
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Fig. 12. Curves showing rates charged by savings banks on first mortgage farm 
loans, the average rates earned by ten high grade railroad bonds, and the average rate 
on pfime commercial paper from 1895 to 1924. 


and the Minnesota Rural Credit Bureau probably have lowered the rate 
of interest that Minnesota farmers would otherwise have paid for loans 
between 1920 and 1927. 

The rate charged by savings banks does not tell what the farmer 
' had to pay for money, but rather the rate at which the broker of farm 
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mortgages could sell them. If money in the community was plentiful, 
' the broker usually worked on a narrow margin. If not, he often 
charged all the traffic would bear. Another source of gain to the 
farmer from federal land banks is the savings on margins and com- 
missions formerly taken by the local brokers of farm mortgages, and 
the elimination of the expense of frequent renewals. No commissions 
are charged on loans made under the farm loan act and the interest 
can not exceed 6 per cent. At present the interest rate charged by the 
Federal Land Bank of St. Paul is 5 per cent. Farmers having loans 
made when the interest rate was 5.5 and 6 per cent may liquidate them 
by taking a new loan at the lower rate of interest when the old loans 
have run five years. 

* The federal farm loan banks on January 1, 1927, had $1,077,858,723 
outstanding to the farmers of the United States on real estate se- 
curity. Even if the saving to the farmers in interest and commissions 
is assumed to be but 0.5 per cent, which is a most conservative estimate, 
this would amount to an annual saving of over 5 million dollars. If 
the level of rates on loans from other sources has also been lowered, 
this will represent a vastly larger saving. 

The loans in Minnesota of the Federal Land Bank of St. Paul and 
of the Minnesota Rural Credit Bureau on January 1, 1927, amounted 
to $81,194,800. Assuming the same average saving of 0.5, these in- 
stitutions are saving the farmers of Minnesota annually $406,000 just 
on the money loaned by them. A saving of 0.5 per cent on the total 
estimated mortgage indebtedness on Minnesota farms on January 1, 
1925, would amount to an annual saving to the farmers of 2% million 
dollars. 


SHORT-TERM CREDIT 


Short-term credit is here defined as credit for a year or less, because 
a majority of the short-term loans made to farmers in Minnesota are 
for a longer period than six months, the usual upper limit named for 
a strictly short-term loan. Such a limit is far better suited to com- 
mercial than to agricultural loans. The principal sources of such credit 
are country banks, stores, and private individuals, the country bank 
being by far the most important source. 

In this section, short-term credit will be considered under two 
heads, that secured by personal notes or chattel mortgages, called per- 
sonal or collateral loans, and that provided by merchants, called mer- 
cantile credit. Usually, when collateral or personal cash loans are made . 
the intention is to repay the principal at the end of a period not ex- 
ceeding one year. These loans are often continued by renewals for 
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an indefinite time. After a period of prosperity in which farmers have 
been encouraged by business men and bankers to extend their credit, 
an abnormal proportion of these short-term loans become a part of the 
fixed indebtedness and eventually are incorporated with the mortgage 
indebtedness. Credit at mercantile establishments for more than 30 
days is here considered as mercantile credit. 

As already explained, little information is available as to short- 
term credit. What is here presented is mostly obtained from the survey 
made in the six Minnesota areas in 1924. 


TABLE XXVIII 
CoLLaTERAL AND Personat Loans From Survey oF 6 MINNESOTA AREAS, 1924 


County Area No. Tenants Owner-operators Both 
A. Percentage Borrowing 
ele I e 40 47 40 
CTAROEWOBG) none cs ee ces te & Nee eee 2 85 46 72 
CS a a re 3 40 37 38 
LES 2d ee 4 47 50 49 
Oe 2 ee 5 on 44 
1 UE oS 6 w3 45 ae 
Lo RRS on: (oscar one 61 44 49 
B. Average Amount per Debtor 
een es cle ain diaus es axca seca a I $1,488 $1,444 $1,453 
SR CTT, 2p 33a 2 i745 1,747 1,737 
Oi 2 42. bp ie" Se 3 1,024 1,199 1,152 
ERI aaa ce Sass a vc cam 4 1,340 1,388 1,360 
2 Bo ce SE Ree eee 5 1,032 ; 
OC aE aie Sn ee 6 ee 389 ee 
ERIE oie Sng woo aces ep es ee 1,581 1,143 1,294 
C. Average for the Class 
aaa ces cen a 'ewe wes I S 577 $ 700 $ 670 
OSLO UV LUTL. (32 re 2 1,488 780 1,258 
RMR ale eviais vioidnc eiclscsce sce ece 3 480 352 384 
NER es so c's 3 naa vn on wo ais os 4 657 1,028 848 
SS 234 5 450 
saci t) 2) Se 6 Siapore 175 avn 
2 On? Dr 958 505 631 


Sixty-one per cent of tenants and 44 per cent of owner-operators 
were using short-term credit in 1924 (Table XXVIII). A greater fre- 
quency of collateral loans among tenants would be expected, especially 
after a period of depression in farm prices, as tenants have no oppor- 
tunity to convert credit obligations contracted in a period of prosperity 
into long-term farm mortgage loans. The average amount owed by all 
farmers of the indebted class was $1,294 per person, and the aver- 
age for both debtors and those not so indebted was $631. The average 
amount per debtor for farm owners was $1,143 and for tenants $1,581. 
Apparently, the tenants in Area 2 were the most heavily involved. The 
indebtedness per farmer in the various areas is not strictly comparable, 
as in the wheat region a considerable portion of the grain crop had 


a 
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been marketed and the proceeds applied to reduce indebtedness, while 
in the corn and hog areas, many hogs had not been marketed at the 
time the survey was taken. A few tenants in Area 1 had borrowed in 
order to purchase feeders, which would increase their indebtedness. 
The farmers in Areas 1 and 4 depend less on dairying than those in 
the other areas, and dairying was relatively profitable from 1921 to 
1923. The average personal cash loan for all tenants was $958, for 
all owner-operators $505, and for tenants and owner-operators, $631. 


TABLE XXIX 


PERCENTAGE OF PERSONAL OR COLLATERAL LOANS FoR VARIOUS PuRPOSES IN SIX 
AREAS OF MINNESOTA 


Steele Cottonwood Pope Norman Chisago Hubbard Average 
Purposes County, County, County, County, County, County, for all 
Area I Area 2 Area 3 Area 4 Area 5 Area 6 areas 
Owners ; 7 
Wreateclie nin 2 pla terareadiaterse 65 (a) 19 42 45 32 40.0 
Buildings and improve- 

MICTIES * Si airsta ce ela e 25.5 gr 20 Oo 29 24 27.0. 
Equipment and ma- 

Chinery ies sie suet ae 7 15 10 7.5 
TAvestochr ie si0s.5\ sores 3.5 ed 7 I 5 2.0 
Operating expenses... 1.5 9 39 43 Io 26 21.0 
Miscellaneous*...... I a 8 wa $ 7 2.5 

Tenants 
FRETS, adore cua ere ernie Atsad be) ois 5 16 Pi ae 5 
Equipment and ma- ; 

echinery: shen eae. 33 45 33 51 44 
IVEStOCk” Givrs.c sii 50 46 33 21 40 
Operating expenses.. 7 3 3 7 Ly aa 4 
Miscellaneous*...... re 6 26 5 7 


* Under miscellaneous are such items as school, sickness, bank stock, and automobiles. 


Purpose of Short-Term Loans 


In the six areas surveyed, 40 per cent of all collateral and personal 
loans was for financing land purchases (Table XXIX). Two classes 
of people make up the bulk of those borrowing on short-term notes 
in order to purchase land: (1) The successful farmer out of debt who 
wishes to buy a small adjoining tract; and (2) the farmer who is 
related to the person from whom the land is bought. Such notes are 
usually renewed from year to year until paid. Loans for buildings and 
other improvements come next and then operating expenses. One of 
the items frequently mentioned under operating expenses is labor for 
seasonal work. Farmers complained that the wages they were com- 
pelled to pay to harvest the crop at the right time were too high when 
compared with the selling price of the crop. The fact that some ten- 
ants were compelled to borrow money with which to pay their rent 
may suggest that some rents were still too high for the prevailing farm. i 
price level. It may have been due to dependence mostly upon one crop, 
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which failed. Most of the tenants owed considerably more on their 
livestock, machinery, and equipment than the owners and were not 
far along the road to ownership. Tenants ordinarily borrowed more 
for living expenses than owners, many having started the year without 
reserves. 


Security 

Table XXX indicates that bankers and others who loan money to 
farmers for short and intermediate periods are not too particular about 
security. When 70 per cent of the owners and 38 per cent of the 
tenants can borrow money without pledging any definite property in 
payment of the debt, they enjoy a very high credit rating. The forms 
of security required in Minnesota are limited. The practice of having 
a neighbor sign a note with the borrower was generally unpopular. 
Usually, either a plain note is accepted or a note secured by a chattel 
mortgage on livestock, machinery, or other equipment. The consensus 
of opinion among bankers interviewed seemed to be that’ losses had been 
considerably less from small unsecured loans than from large secured 
loans. More information is needed as to the cost of the risk on loans 
to various classes of farmers and in different systems of farming. It 
may be socially desirable to underwrite such risks by adding the cost 
to the interest rate. If so, it would be necessary to spread the cost 
over a wide territory. Careful investigation in this field might lead to 
social and economic gains and increase individual opportunities. 


TABLE XXX 


SEcuRITY FOR PERSONAL OR CoLLaTERAL Loans, 1924 SuRVEY 


Form Owners Tenants 
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Need for Better Bank Loan Practices 


Generally, the country banks of Minnesota have taken pride in as- 
sisting the farmers to promote their business. During the period of 
rising prices, from 1897 to 1920, bankers generally were assiduous in 
fostering cordial relationships with the farmers. This is desirable. But 
people who find themselves beginning to prosper often borrow or buy 
on credit too freely for their own good. Bankers should be better in- 
formed on the agricultural situation. Many bankers make loans to 
farmers in order that they may plant more wheat or buy more cows 
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or sheep, when a knowledge of production trends and price levels would 
dictate exactly the opposite policy. ; 

A better business relationship would be developed if bankers would 
compel each farmer to make a financial statement before loaning to 
- him, and if they would more carefully analyze the purposes for which 
he wishes to borrow. The financial statements now required by the 
federal reserve banks and the intermediate credit banks before farm 
paper will be discounted, are satisfactory and should be used by all 
country banks. The old system, under which the banker took a pleasant 
drive through the country during the summer, getting a bird’s-eye view 
of the farms and the condition of the crops and livestock, and then 
loaned liberally the balance of the season, if conditions looked good to 
him, must give way to risk analysis as a basis for sound imvestment. 


Period of Collateral or Personal Loans 


More than half of the collateral and personal loans to both farm 
owners and tenants in these areas were drawn for from nine months 
to a year. Only 25 and 31 per cent, respectively, were due in six 
months, and only 7 and one per cent, respectively, in less than 90 days 
(Table XXXI). Such loans are often too large to be paid from cur- 
rent earnings. A survey of country banks would probably show that 
the conventional banking theory that country banks can not safely make 
loans to farmers for more than six months does not conform to practice. 
Bankers are more interested in having ample assets back of their loans 
than they are in having all their loans paid at maturity. In a panic 
period, however, when deposits are declining, the effect of having a 
considerable portion of the bank’s assets in comparatively long-term 
paper is often a shortage of funds for meeting the demand of current 
loans. Bankers are prone to forget this in prosperous times. Since 
the federal reserve system has been created, loans having sufficient 
security that they can be rediscounted may be of more importance than 


the length of time for which the loan is made. The country bankers’ | 


problem of a money reserve has been greatly simplified since the federal 
reserve banks began mobilizing the liquid reserves of the country. 
Dairying and diversified farming m Minnesota have further simplified 
the short-term credit problem for both the farmer and the banker. 
Further diversification will help still more. Where there is a steady flow 
of income as distinguished from the “after harvest” settlement, as with 
the general grain farmer, it ought to be feasible to operate short-term 
loans on the basis of from three to six months. 


ie : 25 2 


AGRICULTURAL CREDIT IN MINNESOTA 57 


TABLE XXXI 
PERIOD OF COLLATERAL AND PrersonaL Loans 1n S1tx AREAS SURVEYED 


‘ Owners, Tenant-, 
Period 
per cent per cent 
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Mercantile Credit 


Few Minnesota farmers use much store credit. The practice of 
merchants “grub staking” the farmers during the planting, harvesting, 
and marketing of the annual crop seems to be rapidly disappearing. 
Only 13 per cent of the owner operators and 17 per cent of the tenants 
were using such credit (Table XXXII). In North Carolina, Georgia, 
and Tennessee, where farmers generally can not obtain funds from 
banks, mercantile credit is used very extensively. Surveys in Georgia 
in 1923 found too per cent of the farm owners using mercantile credit 
and from 30 to 50 per cent of owners and tenants combined.** The 
relative volume of mercantile credit in Minnesota is less than one per 
cent of the total farm debt, being a matter of convenience rather than 
another method of borrowing. Mercantile credit is used to a greater 
extent in new sections of the state and in one-crop sections than in 
the older and diversified sections. In a few imstances farmers were 
getting 5 per cent discount for cash. There seems to be a slight tendency 
in this direction. 


TABLE XXXII 
Amount oF MERCANTILE CREDIT IN S1x AREAS SURVEYED 


Owners Tenants 
County Area Percentage Amount Percentage Amount 
using such per using such per 

credit borrower credit borrower 
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The rate of interest on mercantile credit is rather indefinite. If 
interest was charged, it was usually 8 per cent. Many farmers were 
carried without interest for a few months by hardware dealers, lumber 


“Farm Credit, Farm Tenancy, and Farm Taxation, by Nils A. Olsen, C. O. Brannen, 
G. F. Cadish, and R. W. Newton, U.S. Dept: Agr. Yearbook, p. 2209. 
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dealers, general merchandise dealers, and doctors. Merchants of the 
South often charge tenants from 30 to 40 per cent for credit, and the 
average rate charged in North Carolina in 1922 was 26 per cent. 
Mercantile credit is usually carried as an open account, and except in 
the case of farm machinery, where a conditional sales contract is often 
used, no particular security is pledged. Crop liens are practically un- 
known in connection with mercantile credit in Minnesota. 

The high concentration of the use made of mercantile credit, as 
shown in Table XXXIITI, is significant. Fifty per cent of mercanti‘e 
credit extended to farm owners is used for rather durable additions to 
the farm capital—building material and machinery. Tenants still have 
the hardware stores to aid them in obtaining the machinery necessary 
to operate their farms. Of their mercantile credit, 71 per cent was 
for hardware and implements. 


TABLE XXXIII 
Purposes ServED BY MercHant Crepit 1n Stx Areas STUDIED 


Owner-Operators Per cent 
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Fewer of either owners or tenants were using the merchant as a 
source of credit than we have been accustomed to expect. This indi- 
cates that the practice of paying cash for groceries and supplies is be- 
coming common. Only one owner operator out of eight and one tenant 
out of six were using store credit. Several farmers and merchants 
said that the use of credit. for buying feed and supplies declined rapidly 
after 1920, principally because: 

1. Credit extended by wholesale houses to merchants was restricted 
after 1920, compelling the merchant, in turn, to restrict the amount of 
credit extended to farmers. , 

2. Competition of cash-and-carry ‘stores and of mail-order houses 
has compelled more merchants to mark their goods on a cash-sale basis. 

3. As farmers generally milk a few cows, they are able, like their 
city friends who receive a regular income, to pay their bills at the end 
of each month. In many cases, however, the farmer pays every two 
weeks, as the cream checks are received. 


18 Farm Credit in North Carolina, by Fred R. Yoder, H. S. Beachley, and A. J. Honey- 
cutt, Bull, North Carolina Dept. of Agr., p. 24, Raleigh. 
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To farmers who are buying lumber, machinery, and supplies on 
credit, the suggestion is made that it probably would be better to dis- 
continue this practice and make a greater use of banks. Merchants 
who sell for cash should be able to sell more cheaply than those who 
extend credit freely. Experience has proved that mercantile credit is 
more expensive than bank credit. The advice is not to use more credit, 
but to purchase credit where it is the cheapest. 


Interest Rates on Short-Term Credit 
The latest published information on rates of interest on short-term 
loans in Minnesota is for 1916. In Figure 13, interest rates in 1916 
are summarized by crop reporting districts. The rates ranged from 


_/ Upper Figure-int. Rate 
: ( Lewer jhe Teal Cost 


! 


Fig. 13. Short-Term Interest Rates in Minnesota by Crop Reporting Districts, 1916 


6.9 per cent in Disirict 9 to 11.4 per cent in District 2. They average 
about 2.5 per cent higher than the interest rates on farm mortgages 
36 Factors Affecting Interest Rates and Other Charges on Short-Time Loans, by C. R. 


" Thompson, U.S. Dept. Agr. Bull. 409, p. 4. Rates quoted are the average total cost of loans 
including discounts, bonuses, and other extra charges, as reported by correspondents. 
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in 1920. The difference is in about the same proportion in the various 
districts except Districts 1 and 2, where the mortgage loans average 
3.2 per cent higher, while in District 9, in the southern part of the 
state, the spread is only one per cent. As already explained, mortgage 
rates are surprisingly low in the cut-over region because land companies 
furnish so much of the credit. The comparison really should be with 
the bankers’ rates on farm mortgages, which were probably about 6.6 
per cent in 1920. Scarcity of capital is no doubt a factor in the higher 
rate in some parts of the state, but more important factors are the 
greater risks associated with loans in small-grain and new regions, and 
the higher unit costs of operating the smaller banks found in some 
of these areas. Rates also tend to be higher on small loans. 


TABLE XXXIV 
PERCENTAGE OF SHORT-TERM LoANS MADE AT THE Various Rates or INTEREST; 1924 SURVEY 


Interest rates to owners, per cent Rates to tenants, per cent 
County - -— - - 
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All other sources at 8 per cent except one loan at 634 per cent. 


The most recent data available on short-term interest rates in various 
sections of Minnesota are those obtained in the 1924 survey. The rates 
reported by the borrowers were lowest from relatives, highest from 
banks, and between the two from private individuals (Table XXXIV). 
The data show a general tendency for banks in all parts of the state 
to charge local farmers the maximum legal rate of interest.“ One 
reason for this is that since 1920 coyntry banking has not been profitable. 
All bankers agree that higher rates are needed. In Steele, Pope, and 


The legislature of 1923 changed the maximum legal rate from 10 to 8 per cent. 
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Hubbard Counties, all owner-farmers interviewed said they were pay- 
ing 8 per cent interest; likewise the tenants in Steele, Pope, and 
Norman Counties. Only 6 per cent of the tenants in Cottonwood 
County enjoyed a bank rate of less than 8 per cent. For all areas 
combined, the owners were paying interest at the following rates: 

85.0 per cent were paying 8.0 per cent. 


” ” ” 9? 2? ” 
2.5 VAS 

” ” ” 99 ” 99 
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The interest rate on the bulk of the loans to owners from private 
parties and from relatives was from 4 to 5 per cent; to tenants, more 
often 5 and 6 per cent. Since 1924, there probably has been some re- 
duction in interest rates, especially in the southern counties. Banks are 
being consolidated and in some cases liquidated. On January 1, 1926, 
there were 302 fewer banks in Minnesota than on January I, 1920. 
Unless a local monopoly rate prevails, rates on short-term notes may 
be expected to decline somewhat from the level of 1924. 


Short-Term Credit in Cut-Over Areas 


The special study made of settlement conditions in northern Minne- 
sota and the neighboring cut-over area in 1919 and 1920 brought out 
important facts relative to short-term loans. Settlers have important 
needs for credit, such as lumber and building materials, horses, dynamite 
for clearing land, and farming equipment. They need credit for 
groceries, feed, and other supplies, when they have little income (Table 
XXXV). The majority of these loans were obtained on notes and 
chattel mortgages, but some were obtained on real estate mortgages. 
No federal land bank loans are included in this tabulation. The aver- 
age interest rate for short-term loans was 7.7 per cent; for real estate 
mortgages, 6.5 per cent. 


TABLE XXXV 


Purposes OF 633 LOANS OBTAINED BY SETTLERS IN MINNESOTA AND MIcHIGAN, SUBSEQUENT 
To First PurcHasr oF LAND 


Average interest 


Purpose of loans Loans rate,* per cent 
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* Not including rates on federal farm loans. 
7 Real estate mortgages, 6.5 per cent; short-time loans, 7.7 per cent. 


62 MINNESOTA TECHNICAL BULLETIN 55 


Interest rates on loans were higher in northern Minnesota than in 
northern Michigan, the average for Minnesota alone being 8.6 per 
cent on note-secured loans and 9.3 per cent on chattel mortgage loans, 
or 8.7 per cent on both combined. On note-secured loans from banks 
alone, the average rate in Minnesota alone was 8.9 per cent, ranging 
from 8.2 per cent in one area to 9.7 per cent in another. The average 
rate on all short-term loans in the cut-over regions of the Upper 
Peninsula of Michigan and of Wisconsin were about 7.6 per cent, and 
in the cut-over region of Lower Michigan they were still lower. 

Several land companies in 1920 and 1921 were providing consid- 
erable short-term credit for settlers on the basis of either chattel mort- 
gages or clauses in contracts that allow them to add the amount of 
such loans to the purchase price of the land. The land company most 
liberal in this respect was advancing funds for buildings, livestock, 
machinery, dynamite, and living expenses for the settlers while they 
were clearing the land, and machine and horse labor at land clearing. 
The settlers on this project had increased their debts an average of 
$874 during the first two years after settlement, but they had cleared 
over 10 acres of land and added $900 to their building, livestock, and 
equipment inventory.”® 


INTERMEDIATE CREDIT 


Intermediate credit is commonly defined as credit for periods of 
from six months to three years. As notes commonly run for more 
than six months and real estate mortgages are sometimes made for 
less than three years, there is some overlapping of sources of short- 
term, intermediate, and long-term credit. Direct sources of intermediate 
credit to the farmer are individuals, savings banks, trust companies, 
country banks, co-operative credit associations, agricultural credit cor- 
porations, cattle loan companies, trade and mercantile institutions, and 
co-operative marketing associations.1® The secondary sources through 
which the primary sources rediscount are individuals who buy such 
paper from banks for investments, intermediate credit banks, and federal 
reserve banks.2° The intermediate credit banks may in turn sell their 
debentures to federal reserve banks, insurance companies, various kinds 
of banks and trust companies, and individuals. 

18 Settlement and Colonization in the Great Lakes States, by J. D. Black and L. C. Gray, 
U.S. Dept. Agr. Bull. 1295, p. 73. 1925 

19 Farmers get a considerable meant of intermediate credit from the country banks ie 
the process of renewing their notés, The principal sources of intermediate credit in Minnesota 
are trade and mercantile companies and banks, 

2 The agricultural credit act of 1923 amended the federal reserve act to permit the 


federal reserve bank to rediscount farm paper frcm member banks for a period up to nine 
months, 
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Until 1923 there were no special governmental institutions organized 
to supply the farm credit needs of the intermediate type. After the 
break in prices in 1920 and 1921, many farmers found it impossible to 
pay their debts to the banks, and with declining deposits the banks, in 
turn, were hard pressed. Many economists, farm leaders, and bankers 
were of the opinion that banks organized primarily to supply industry 
and trade were not in position to supply farmers’ intermediate credit 
needs. It was said that commercial banks must keep their funds in- 
vested in short-term paper in order to be able to repay depositors on 
short notice. On June 7, 1921, Congress provided for a Joint Commis- 
sion of Agricultural Inquiry. In its report this commission said: “The - 
Commission believes that the difficulties of agriculture are in part due 
to the credit restrictions and limitations of the past 18 months, and in 
part are due to the fact that the banking machinery of the country is 
not adequately adapted to the farmers’ requirements.”*t In 1923 Con- 
gress provided for twelve intermediate credit banks. One such bank 
serves each federal land bank district and is located in the same city 
as the district federal land bank. The bank serving this district is 
located in St. Paul and has the same officers as the land bank except 
that a special officer is manager. The position of the intermediate credit 
banks in financing agriculture has been said to be similar to that of 
federal reserve banks in financing commercial and industrial enterprises. 
Such a statement can be made because the farmers of the country never 
really understood that federal reserve banks were established to help 
them as well as trade and industry. They did not appreciate the federal 
reserve banks because most rural banks did not and do not now belong 
to the system. 

A farmer can not borrow directly from intermediate credit banks. 
He must borrow through co-operative marketing associations, agricul- 
tural credit corporations, livestock loan associations, or local banks. If 
loans were to be made direct to farmers, cumbersome machinery would 
be needed. As it is, the farmer must learn to help himself through his 
own co-operative organizations or through agricultural credit corpora- 
tions if he is not well served by his local bank. The direct loans to 
farmers’ co-operative associations are made only on the basis of agricul- 
tural commodities, and the loans are secured by warehouse receipts. The 
federal farm loan board has approved the following commodities, when 
properly stored, as acceptable for security on warehouse receipts: Grain, 
cotton, wool, tobacco, beans, rice, alfalfa, red-top and clover seed, hay, 
- nuts, dried fruits, maple syrup, honey, broom corn, and canned fruits 


*1 Report of the Joint Commission of Agricultural Inquiry, Part II, p. 7. 
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and vegetables.22. The board may add other commodities to the list 
when it has determined whether they can be stored so that warehouse 
receipts based on them will make good collateral. Potatoes, an im- 
portant product in Minnesota, handled to some extent by co-operatives, 
do not appear in the list of approved commodities. 


Volume of Business of Intermediate Credit Banks 


The amount of direct loans to co-operative marketing associations 
and the commodities loaned upon by the twelve intermediate credit banks 
at the close of business December 31, 1927, are given in Appendix 
Table 2. Co-operative marketing associations in the St. Paul district, 
which serve Minnesota, North Dakota, Wisconsin, and Michigan, were 
using this source of credit to the extent of $847,848. In the Springfield, 
Omaha, and Spokane intermediate credit districts, co-operatives were 
borrowing still less. Districts in which tobacco, cotton, and raisins 
were marketed co-operatively had the largest borrowers. Co-operatives 
in the Berkeley district borrowed nearly 6 million dollars on raisins 
alone. 

The most valuable field of service for the intermediate credit banks 
has been in financing co-operative marketing organizations. On 
December 31, 1927, the direct loans to co-operative marketing associa- 
tions in the United States totaled $31,990,597. The service to co- 
operatives has been particularly valuable in the South and West. On 
December 31, 1927, loans to co-operatives in the intermediate credit 
districts surrounding New Orleans, Berkeley, and Wichita ranged from 
4 to 6 million dollars. They were about half as large in the Baltimore 
and Columbia districts; between one and 2 millions in the Louisville, 
Houston, and St. Louis districts ; and less than one million in the St. Paul, 
Springfield, Spokane, and Omaha districts. 

On April 7, 1928, the Intermediate Credit Bank of St. Paul re- 
discounted notes for banks, agricultural credit corporations, and live- 
stock loan companies to the extent of $7,550,013 (Table XXXVI). On 
December 31, 1925, these three institutions were rediscounting only 
$3,040,847, and on December 31, 1926, $4,440,464. This represents a 
rapid expansion of business. This increased demand for loans has come 
largely through the agricultural credit corporations and almost none of 
it through the banks. A partial explanation for this is the acute psycho- 
logical conditions surrounding solvent banks. In communities where 
one or more banks have failed, the solvent banks have frequently deemed 
it necessary to invest their surplus funds in paper having a daily market - 
in order to protect themselves against possible “withdrawal runs.” 


22 Federal Farm Loan Board, Circular 15, p. 18. 1925. 
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On 


The Intermediate Credit Bank of St. Paul has financed the North 
Dakota Wheat Growers’ Association and the Northern Wisconsin Co- 
operative Tobacco Pool for the crop seasons of 1923 to 1927. It has 
financed the Door County Fruit Growers’ Union of Sturgeon Bay, 
Wisconsin, during the crop seasons from 1924 to 1927 and expects to 
finance the 1928 crop. It also has financed the North Dakota Co-op- 
erative Wool Marketing Association on the 1925, 1926, and 1927 clip. 
Intermediate credit has not been available to potato co-operatives. Co- 
operative butter marketing organizations have not needed credit of the 
intermediate type. There is a possibility of cheese being favorably 
passed upon as a suitable product for warehouse receipt loans, and if 
it is, the Wisconsin cheese producers will undoubtedly make some use 
of such credit. 


TABLE XXXVI 


ReEpiscountTs AND Direct Loans or INTERMEDIATE CREDIT BANKS AT CLOSE OF BUSINESS, 
APRIL 7, 1928* 


Rediscountst Direct loans 

District Agricultural Livestock Co-operative 

State credit loan marketing 

banks corporations companies associations 
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* Data from monthly statement of Federal Farm Loan Board. 
7 National banks were rediscounting $7,900 with the Springfield bank. Savings banks 
and Trust companies, Houston, $20,000. 


Various reasons have been advanced as to why greater use has not 
been made of the intermediate credit banks. One reason is that the 
individual farmer has found it difficult to establish relations with his 
district bank, as he can not borrow directly. Local banks, unless hard 
pressed, are inclined not to rediscount in order to extend the volume 
of their loans. Further, until March, 1927, banks were not permitted 
to charge an interest rate of more than 1% per cent above the inter- 
mediate rediscount rate on rediscounted paper. In March, 1927, the 
margin allowed was increased to 2% per cent. There is no limitation 

as to the margin taken by the local bank if its paper is rediscounted with 
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the federal reserve banks and the rediscount rate from the latter has 
been below that of the intermediate credit banks. Furthermore, the law 
limits the volume of rediscounts that a bank may have with intermediate 
credit banks to 2% times its capital and surplus, while there is no such 
legal limit in rediscounting either with federal reserve banks or with 
city correspondent banks. 

On January 1, 1927, there were 51 agricultural credit corporations 
in North Dakota, 7 in Wisconsin, and 18 in Minnesota. Two new credit 
corporations were organized in Minnesota during the last half of 1926 
and three were discontinued. The location of the corporations in Min- 
nesota on April 1, 1926, is shown in Figure 9. Following is a list: 


Agricultural Credit Corporations—Minnesota 


Farmers Credit Company, Claremont, Minn. 5 
Otter Tail Loan & Investment Company, Fergus Falls, Minn. 
Farmers Credit Company, Goodridge, Minn. 

Greenbush Credit Company, Greenbush, Minn. 

National Credit Company, Herman, Minn. 

Farmers Credit Company, Kennedy, Minn. 

Lake Park Cattle Loan Company, Lake Park, Minn. 
Bankers Dairy Credit Corporation, Minneapolis, Minn. 
Montevideo Agricultural Credit Company, Montevideo, Minn. 
Farmers Credit Company, Oslo, Minn. . 
Farmers Credit Company, Redwood Falls, Minn. 
Northwestern Agricultural Credit Corporation, St. Cloud; Minn. 
Farmers Credit Company, Stephen, Minn. 

Farmers Credit Company, Tyler, Minn. 

Walnut Grove Credit Company, Walnut’ Grove, Minn. 
Mahnomen County Cattle & Credit Company, Waubun, Minn. 
Faribault County Credit Company, Wells, Minn. 

Northwest Farmers Credit Association, Pipestone, Minn. 

Indications are that the agricultural credit corporations in Minne- 
sota will form the chief connecting link between the farmer and the 
Intermediate Credit Bank of St. Paul. These institutions are organized 
under the state general incorporation law.”* Shortly after Congress 
provided for the intermediate credit bank system a number of banks 
in Minnesota organized small agricultural credit corporations with a 
minimum capital of $10,000. Following good banking standards, the 
management of the bank in St. Paul refused to rediscount all poorly 
secured paper. Its acceptance of well secured paper has given a much 
needed service to many banks. Many of these early corporations had 
either liquidated or were inactive by the beginning of 1927. As, theo- 
retically, the intermediate credit banks are not to compete with local 
banks, the advisability of establishing a large number of small organiza- 


22 The Minnesota legislature passed a special incorporation law intended for them during 
1923-24 session, but because cf restrictive features on loans, it has not been used. 
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tions may be questioned. A few large organizations are now reaching 
out over a large territory for loans, notably those in Minneapolis and 
Pipestone. There will probably soon be enough large agricultural credit 


‘corporations that their service in connecting the individual borrower 


with the Intermedite Credit Bank of St. Paul will be available to any 
farmer in Minnesota. A mere statement of the problem. is sufficient 
to show that there are many unsolved problems in connection with the 
operation of such contact institutions. 

The following extracts from letters indicate some of the services 
that may be rendered by the intermediate credit bank, through agricul- 
tural credit corporations : 

From Mahnomen County Cattle Credit Company, March 30, 1926— 

“Most of the money we are loaning through our Association is for 
milk cows, steers, sheep, and hogs. We have found the Federal Interme- 
diate Credit Bank of St. Paul very liberal on loans that are used to buy 
livestock. 

“Last year we shipped in two or three carloads of cows and steers 
together with two carloads of sheep. These proved to be very profitable 
to the farmers. We are planning on shipping in some more steers this 
spring, as last year the farmers made on the average $30 per head.” 

From the Lake Park Cattle Loan Company, March 31, 1926— 

“Tn reference to the method of operation of the Lake Park Cattle Loan 
Company, I wish to say that it is organized primarily for the purpose of 
lending money to farmers to carry on their farming operations by redis- 
counting such notes as it may become possessed of with the Federal Inter- 
mediate Credit Bank of St. Paul. These loans are proving very popular 
in this locality, as they provide the farrner with a reasonable amount of 
capital on easy terms. The rate of interest after April 1 will be 6% per 
cent to the borrower, with loans made for from 9 months to a year with 
the privilege of renewal.” 

From Farmers Credit Company of Oslo, April 2, 1926— 
“Your favor of March 27 to the Farmers Credit Co. is received. 
The principal aim of our association is to make short-term loans 
and in that way be able to liquidate bank indebtedness. In this way it has 
worked out fine.” ~ 
Agricultural credit corporations will probably increase in importance, 
but the system is too young for any prediction as to its future develop- 
ment. Livestock loan companies are finding intermediate credit banks 
a helpful source of credit for livestock production, as credit is needed 
for a considerable time. State and national banks are rediscounting in 
only a limited way. As agricultural credit corporations become more 
generally available, as cattle loan companies are organized, and as co- 
operative marketing associations become more efficient in grading, pro- 
cessing, and warehousing, the importance of the specialized intermediate 
credit agencies will probably increase. 
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THE PROBLEM OF THE LOCAL BANK 


3y far the most important part of our whole agricultural credit 
system is the commercial bank. As an agency for supplying credit and 
other needs of agriculturists, it has been rapidly expanding in impor- 
tance. The increase in banking resources in Minnesota from 1900 
to 1925 was 735 per cent when expressed in current dollars, and 328 
per cent if expressed in dollars of 1913. Per capita bank deposits 
have increased greatly in every county in Minnesota (Fig. 14). The 
banking power increased relatively more rapidly in the middle west 
than in other sections of the country from 1900 to 1924 (Table 
XXXVIII). The eastern states lost 12 per cent in relative banking 
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Fig. 14. Bank deposits per capita increased in every county in Minnesota between 
1912 and 1920. 
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power during the first quarter of the nineteenth century, and the Middle 
West gained 16 per cent. 


TABLE XXXVII 


GrowtH oF Bank Resources IN MINNESOTA FROM 1900 TO 1925 


Bank Index number, Index number, 
Date resources, who'esale dollars of 
millions* prices? 1913 
MGRETZOSETGOOs 25 .ccre sc ae ls Sera. 82.0 172.3 
NEE SS GAS areinie ays 0 0 ee ae 1,179.9 159.0 737.8 


* Report of comptroller of currency, 1925, p. 94. 
7 All-commodity index number, U.S. Bureau of Labor. 


The rapid growth of the banking habit in the United States in the 
last century is partly responsible for the growth of banks. The custom 
of using checks instead of cash in the settlement of money obligations 
is now widespread. The usual estimates are that at least 80 per cent 
of all payments are made by check. Checks are thus more impor- 
tant as a circulating medium in the United States than gold, silver, 
or currency. This change has enhanced the importance of bank de- 
posits and of bank credit in the economy of the nation, and has made 
the regulation and supervision of the banking system a matter of greater 
importance and consequence to the welfare of the people. 


TABLE XXXVIII 


CHANGE IN GEOGRAPHICAL DistRIBUTION OF BANK RESOURCES OF THE UNITED STATES 
FROM 1900 TO 1924 


Percentage of resources of all banks* Percent- 
— age of 
1900 1924 change 
EMDR MOM TCP e S Pe fois si scsi cas ala sip cee a 66 54 —12 
ROTM MMMM SRC et sey) fhe tevi. se! sey 3)iete.are) stele, alvares@ 4 8 4 
Wl Cll oe SCE Sn ne 8 24 16 
EATICMNC OAS Late Xe clea jsibi a sfeslese so jets 6: ote 4 7 


* U.S. Dept. Agr. Yearbook, 1924, p. 194. 


Banks Have Not Stood the Test 

Yet in spite of this growth and -great importance, the local banks 
have not stood the test in the financial upheaval through which we have 
just passed. Since 1919, 291 state banks and 65 national banks have 
failed, as compared with only 67 state banks and 6 national banks in 
the twenty-five years between 1894 and 1919 (Table XX XIX). Soon 
after the depression began, in June, 1920, state banks that had been bor- 
rowing heavily during prosperity began to fail. One bank was closed 
in 1920, but was reopened in about a month. The next year, 19 banks 
were closed, but 13 were later reopened. In 1922, only 15 banks were 


_ closed, and 8 reopened. Many people thought the worst was over; but 


q 
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then came 1923, with 43 banks closing and only 16 reopening later; 
then 1924 with 46 closing and only 14 reopening; 1925 with 36 closing 
and 3 reopening; 1926 with 78 closing and 4 reopening; and 1927 with 
53 closing. 
TABLE XXXIX 
Bank FaiLures IN MINNESOTA, 1894-1927* 


State banks, savings banks, 


and trust companies National banks 
Year ended 
No. of failures No. of banks No. of banks No. of failures 
Aug. 31 
POG Ae re eipteiarals Mig ween eta rae aneenineee eis S 216 79 
MOG rane te erarelevs cere teeter eravcnekriav arene aan iete 5 232 79 
bo (0) OR HORA PL ERC FICE He ChE ENG OOP So 6 218 76 
LEO RE mleraker the skerekae ce eno atc Rab te teeta 7 205 71 3 
PB Bea eca stays lovcse a mietey ele nce Gielakeretmetereiects 204 70 
LEGG sai che atvedot raha inte vista stereekeuromiet rs 236 69 
June 30 
TGO0Os¢ <i. Dero s ie, serra kar statetaecsy a chap as 2 252 76 
TOOL als atocriive tp nisi etiprsie: ayeuele tae ya) askeretate 4 275 92 
MOOS stave tsrvaiies aaiae ta ae races vem totMeenetet 307 117 
TOS cotarn Nemec yeaa tect ie cic hear ins 350 171 
T OOM oietecrc na eleeta cia tetaicvee ate vein cle ace 13 386 213 
TOOS GS oyetyeemesacht ote wteyeiate roi oereber cpa Meetaes 3 456 224 I 
MOO On tecateve aselatetn cs reas aie aiexatace teva ete tniere tate I 486 237 
THO VE si oe woitarsiotet sta) sel ata eovied cxstehe eet te 2 602 245 
KISS een AocMeb ote CORON Sir 38 639 262 
TO OO Minx aveoe: a velocat nc srehalelevenss ot anepavarantm ey a cUee t 641 268 
TO WO mar acete verbo eypiersiarer ke ra eteriere lat tae ars 645 270 
HO} KARRI Ca ceee ROD CoO MOC ic eub as 725 272 
LOLA scien hela ce cee ap 4 759 272 
DOD Be gate ca ys ein cus ierend estacote ete dea era 803 i: 
NOTA eisuapaivel swe fereteaetedetiniteee areata tua ckenan I 835 273 I 
AO) tes OIRO Dye o-CN Oc or AC TOO OG 925 277 
S011 Se RRR ACRIME Es Aan) O.clOri tenes, ost doc I 1,014 281 
ONG fs EIS COMMIS ITD DOE Od OO 1,105 287 
Dec. 31 
DOT Sis pare orrvchal devoted s slovouas tera areroee ane anes 2 1,148 294 I 
EOE MOP PEAR BO cn Auch t ch Ech ot echo Peto at 14 1,148 305 
Bok cL AIO RRER ELS CAMERA uch NATROL REN “G7 ch I 1,184 331 
WTP ataton adel Creare ata ete a ee 19 1,195 341T 
TQ 22 env cs eva awa ere et eet renveesvus 15 nar 7 A) 330 
PG 29). avalos, Syst ollaltenefoverter =| eels ais ageiaitanelenalchere 43 1,159 344 3 
TOSALS, CS erien ciel car ae eR oc 46 1,088 334 8 
NOS Gia bia latausen wre, saokaiee, taehacaimoue tereter starch 36 1,057 318 II 
TO BGs) sel ine mais tua peraye etapa tumata tears Mares 78 956 287 30 
IO pa inher ne HE BO CIEE SOOM TODD EEO.0 53 '882 285 13 
MT OtAly sare alemtaacssarl eis eran WARES 358 71 


* National bank data to 1921, from report of comptroller of currency for 1920. 
Remaining data from annual reports of the comptroller. State bank failures up to 1918 from 
report of the comptroller of the currency for 1920 and from 1918 to’ 1927 from data furnished 
by the State Banking Department. 

+ As of September 6, 19217. 


While this large number of failures is a result of the depression, 


nevertheless it shows weaknesses in the system. The banking system — 


must meet the needs of depression as well as of prosperity. When 


i 
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from 46 to 78 state banks in one state fail in one year, the evidence 
of weaknesses in the groundwork of the system is conclusive. It is 
significant that the failures did not assume large proportions until four 
years after the depression, when ample credit was available for liquidat- 


ing good but slow loans. 


That Minnesota has been in the same plight as other states in the 
Northwest is shown by Table XL. For the seven-year period ending 
June 30, 1926, 316 banks failed in North Dakota, 239 in South Dakota, 
183 in Montana, 34 in Wisconsin, and 212 in Iowa. In all states ex- 
cept Wisconsin, the percentage of state banks failing has been consider- 
ably higher than that of national banks. Wisconsin probably had, prior 
to 1920, more effective bank control laws than had many neighboring 
states. So far as banking laws and regulations have anything to do 
with bank failures, it would be the rules and regulations effective in the 
years just prior to 1920 that would have any bearing on failures follow- 


. ing 1920. The statement that Wisconsin’s rules and regulations were, 


prior to 1920, probably superior to those of the other states would require 
considerable investigation in order that one could be sure of his basic 
facts. The statement, however, is suggested by the fact that Wisconsin 
banking laws show that at least as early as 1915 the banking department 
strictly controlled the establishment of new banks. 

The mere fact that a majority of banks in the chief agricultural 
states did not fail is evidence that it is possible to have such a banking 
system that an abnormal number of failures need not occur during severe 
depressions. 


_ TABLE XL 
Bank Ciosures 1n NortHwest STATES, 1920-26* 
North Dakota South Dakota Montana Wisconsin Iowa 
Year — : : 3 
June 30 3 State Nat’l State Nat'l State Nat’l State Nat'l State Nat’l Private 
TA Diskin aun ive 2 ° I ° 0) 0 fo) to) 0 0 2 
TNS? rar RO a! 3 I I 10 6B ° ) 2 2 4 
ate a aie cisy cin > rz Ee 5 ° It 7 I ° 6 to) ° 
De siaelela wie ioe 19 3 7 5 29 12 3 I 3 2 3 
IZA ol hae fo s\ > <w 127 20 117 Z 64 23 DE 2 17 2 8 
FCC eo CE 31 6 31 8 5 7 6 2 52 7 9 
ha Oiels osteo: 36 4 49 7 5 7 8 oO 63 16 13 
Total. 278 38 2i1 28 124 59 29 5 143 30 39 
Percentage 
closedt 38.9 21.0 Byiiia 2020 48.1 20.6 3.6 3-3 36.7 8.3 66.1 


* Report of comptroller of the currency, 1920-26. 
+ Based on number of banks in 1920, as shown by comptroller’s report. 


Why Banks Have Failed 
The first approach to the reasons for bank failures is to examine the 
reasons given by the State Banking Department for closing the banks. 


_ Associated with frozen assets as causes of particular closures, were mis- 
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management, depleted reserves, criminal irregularities, worthless paper, 
and too much real estate; with depleted reserves were associated mis- 
management, insufficient business, too large loans, and criminal irreg- 
ularities; with excess loans were associated depleted reserves and too 
many second mortgages. These causes might readily be reduced to 
two—criminal irregularities and mismanagement. The first is not im- 
portant. Frozen assets, depleted reserves, and excess loans appear most 
frequently as evidence of mismanagement. 

As 15 of the 34 banks with depleted reserves re-opened, it appears 
that greater effort on the part of the officers of some of the banks in 
attempting to increase reserves by rediscounting would have kept these 
banks from being closed. The three banks closed because of excess 
loans all reopened. 

Many of the banks that have failed since 1920 are still in the process 
of liquidation. The policy of the liquidation department is not to rash 
the sale of assets where there is a fair possibility of saving the de- 
positors’ money by waiting. The liquidation department deserves credit 
for keeping the costs of liquidation low. A man is left in charge of 
the closed bank only as long as he is producing economical results in 
the way of collections. Slow items are left to be collected by local 
agencies. 


TABLE XLI 


REASONS FoR STATE Bank CLosurRES, 1920 TO Marcu 18, 1926* 


Cause of closure No. closed No. reopened 
Cxuteninall arreculanibies:e ie citer ale ok cys ueiuotee partes eet Nee tenetae 7 ° 
SER TOZEI cASSEES. Gwe caercas meal sete ane, raetvon ee aliared aie tahevanene keke 07 Uta ee eRenee 108 32 
Depleted) reserves” freee reis i: wisteun ein ov okese et tay eet Mtoe Rega gree halle cee 34 15 
Exess LGAs Soieiee: niece gies od bis cadel acre lacs ash ate sera emp ceie Raia ata oe erates 3 3 
Too much accommodation paper and one-man bank....... Ghereters 2 ° 
Wronthless: loanSiy seycgae cnet scotetehclew eysterta caoehese Ic. S RO Rae Ay eon eae 2 o 
Mismanagement. and) arrepularitiesigtie cis eliericirsieene a ieleresneaels 4 I 
IN heaay HL INSS cer ea eD CAMO ONO MO MOE. uM roa Acodtoonia dtc 6 9 5 
Moou much reals estate: ct aco «5 pamieciaaleo ere aiiete eee aerators I ° 
Pavute-otrcormespondent bank... seicrsm alee see pee eer ere I 0) 
Run on account of (North Dakotay papeta etc clei sien vel iolerete I 0) 
Bankruptey, ofe president as... estaenin her iiek octane tee I ° 
AR eta) aa, aaa 5 oy 5p rahe) asin wate. 0! atonsble aot Ue) oe ales) er stantePate tres pera eee 2 0 
Too many unsetured Joanie ans. sss aieeia seers: erence eletaieereteg I ° 
Loeal-‘atartell ciao s< cs aitrec a. tena erere eben © Ssnenalt we anceiere Oe ates I fo) 

BAe 1 eee ear MR Pere. io noieeewIcaee AGT Mastn omens yo akc 177 56 


_* As given by A. W. Smith, examiner in charge of liquidation for the closures of Minne- 
sota state banks. 


A closer approach to the problem may be obtained from a letter sent 
out in September, 1924, by A. J. Veigel, state superintendent of banks. 


This letter undoubtedly sums up Mr. Veigel’s conclusions as to the — 


causes of bank failures and losses in other banks as he has found them 
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in recent years. The principal causes he mentions are the following: 

1. Excessive loans to officers. The department insists that this class 
of loans be reduced or eliminated. “What we need is bankers without 
other interests to take up their time and money.” 

2. Large and excessive loans. “If the note pouch contains small 
and diversified loans, the total losses are usually much smaller than if 
the average loan is large.” The legal limit of loan to any one individual 
or firm is 15 per cent of the capital and actual surplus (Ch. 103, Sess. 
Laws, 1919). “If the surplus, as shown on the books, is impaired, only 
the unimpaired surplus can be used in figuring excessive loans.” 

3. Outside paper. This means loans to individuals or corporations 
not in the immediate territory of the bank. “Usually the bank’s officials 
know little if anything about such paper, and are obliged to take the 
word of somebody else that it is good. -Somebody often gets a com- 
mission on such paper and the rate of interest is usually high.” 

4. Exchange of paper, meaning the exchange of paper be ween 
banks with the written or oral agreement to take it back if not paid 
when due. 

5. Other real estate and second mortgages. Banks should not hold 
large amounts of real estate, and “second mortgages should not be taken 
except to secure previous debts.” 

6. Too many banks. “Our department is encouraging and even 
urging certain banks to consolidate, where conditions warrant such 
action.” 

7. Too small minimum capital. “We believe that the minimum 
capital of banks, which is now $10,000 to $25,000, according to the 
size of the city, should be increased. That would add a margin of 
safety for depositors, to which they are entitled.” 

8. Too much borrowing. 

g. “One man bank.” This means a bank whose directors are mere 
“dummies” or “rubber stamps.” “It is the duty of directors to know 
what is going on in a bank.” 


Failures Due to Too Small Banks and Too Many 


It is common opinion that banks fail largely because they are small 
and their resources are inadequate. Of banks capitalized for $15,000 
or under, 21.2 per cent failed during the period; of those capitalized 
for $35,000 and over, 21.9 per cent; and of those between $15,000 and 
$35,000, 21.7 per cent (Table XLII). There is no evidence that small 
capitalization is a cause of failure. The reason that more banks of 
the lesser capital stock fail is that there are more of them. The losses 

__ sustained by the failure of a large bank are usually several times those 
_\ sustained by the failure of a small bank. Probably, however, people 


+} 
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are more disturbed over the failure of ten banks of $10,000 capital each 
than by the failure of one bank of $100,000 capital. “Capital stock is 
not a good measure of the size of a bank’s business. But the fact that 
346 banks out of 432 with capital stock of $12,000 or less safely 
weathered the storm of depression between 1920 and 1926, suggests 
that a small bank can be as safely managed as a large one. 


TABLE XLII 


NuMBER AND PERCENTAGE OF Minnesota Banxs CLosep on Basis oF CapiTaL STOCKS FOR 
Perrop 1920 To Enp oF 1926* 


Capital stock? Banks Closedt Closed 

i per cent 
SE OSOOO's fea wee oie a ratsas aaatey ocaiar age itel sate Go els ect etw tar ak eeltet AOI 80 20.0 
EAOOO sre lideetateterolslin« anerelel pokeipietons: elite je enerok bee naI eee 31 6 19.4 
DIALING OR Ome OITION IG OTe Chote ete cl ODOC choy O 153 38 24.8 
BOVOOO. Jeevsiy pled ee be oe eran ahavd cele a ive ates eae an eletate 102 16 157 
BS OOO sate iayele s taunie Oe ceecerenaters eee ene nes ation eee 234 57 24.4 
BO) OOO 5 5) ate 1c te. boi rnte tos Samia Fae NST ea Ee ee 56 U = ae 

B2ZIOOG<.. s-s¥e. spate erala y aslettg ose, Vane iste, alles hRLaIE aaa ala I j 

BS DOD Gee Sie Rtas ed aoe Eepte eat ae ein Lue aera eae itn tates 6 16.7 
POR OT eer errr Pea crs Ov chen waa 19 105 
50 ; OO Oia's, aye. ayecanakets ove sie erent eR ere ee aT heetae neice 79 17 21.5 
0 {GOO oa theless etre tena tans = plete SranaRe Rta tale Ricoto nd) te 8 37-5 
WE OOO sia aivislaterh olaindte eds ral one Meat al orate ete eaetotsumetene 7 2 42.9 
LOOSOOO 5's ccs ig sve Sais toe cave Bea retabe «nis gota aia tspalete yarns TeParale 23 2 8.7 


* Savings banks and trust companies not included. 
+ As of June 20, 1920. 
¢ Capital Trust Bank of St. Paul not included. 


The total number of national and state banks, including trust com- 
panies and savings banks, per $1,000,000 deposit, for each county in 
1920, with the percentage of closures in each county for the years 1920 
to 1925, inclusive, is shown in Figure 15. In general, the more banks 
per $1,000,000 deposits, the larger the percentage of failures. The 
relationship is by no means close and there are many outstanding ex- 
ceptions.** Too many banks is probably the largest single cause of 
bank failures. The argument against small banks is not so much on 
the score of their being small as that small banks may mean too many 
banks, too high unit costs of operation, too much competition for loans, 
and a general weakening of the whole banking system. 


Failures Due to Agricultural Loans 


There can be no doubt that the depression in agriculture following 
1920 is the first cause of the epidemic of bank failures. If evidence is 
needed, it is given in the two maps in Figure 16, the upper show- 
ing the proportion of bank loans to agriculture, and the lower, the 


24 The simple coefficient of correlation was 0.35 out of a possible 1.00. 
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NUMBER OF BANKS PER MILLION DOLLARS OF DEPOSITS AND 
PERCENTAGE OF BANKS FAILING BETWEEN 
1920 AND DECEMBER 31, 1925 
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Fig. 15. In general, the more banks per million dollars deposits the larger the 
percentage of failures. 


number of bank failures. Failures are most numerous where agricul- 
tural loans are high. Failures in Minnesota have been most numerous 
in relation to the population away from city centers, even after allow- 
ance is made for difference in size of banks. By types of farming, 
they have been most numerous where farming includes the most cash 
crops, the Red River Valley having suffered most and the dairy region 
least (Fig. 17). 

The fundamental reason why more banks fail in the farming centers 
than in the industrial centers when a general depression strikes the 
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BANK LOANS FOR AGRICULTURE COMPARED WITH 
BANK LOANS FOR OTHER PURPOSES 
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Fig. 16. Maps from U.S. Dept. Agr. Separate No. 1915. Farm Credit, by Nils A. Olsen. 

Upper.—A department survey shows that bank loans for agricultural purposes in 
1923 amounted to about 14 per cent of the total'loans and discounts of all state and 
national banks. Farm mortgage loans amounted to 4.5 per cent and personal and col- 


lateral loans to 9.5 per cent of bank loans to farmers. 


Lower.—Bank failures between June 30, 1920, and June 30, 1924, totaled 1,960, 
as compared with 202 during the four years 1910 to 1013. Most of these were in the 
farming sections of the country. While the depression in agriculture was a large factor 
in these failures, inadequate resources and inefficient banking methods were important 


contributing causes. 
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country is that agriculture can not adjust itself to a lower price !evel 
as quickly as can industry. When an industrial plant can not sell its 
products at a price sufficient to cover cost of operation, it is closed. 
This reduces production and keeps the price of the product from fall- 
ing so far as it otherwise might. Part of the loss of shutting down is 
shared by the unemployed laborers. When the closed plant ceases to 
buy raw materials, the prices of raw materials decline rapidly and the 
producers on the farm and elsewhere find themselves sharing some of 
the loss. As the supply of manufactured goods declines and the price 
offered for them approaches the former level, the plants are opened 
again and laborers are hired at a wage much nearer the former wage 
level than would likely have been possible had the plant continued in 
operation. 


LOCATION OF STATE BANK FAILURES, 1920 TO 1926, INCLUSIVE 
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Fig. 17. Failures have been most numerous in relation to population away from 
the city counties even after allowance is made for the difference in size of banks. 


78 MINNESOTA TECHNICAL BULLETIN 55 


The farmer, on the other hand, can not close down. He can not 
stop milking the cows, cultivating the corn, or cutting his grain and 
come back a few months later and start the farm factory going again. 
When prices broke in 1920, the farmers’ crops were already planted 
with costly seed and labor and could not be harvested until months 
later. Moreover, farming is to a large extent a family business with 
three-quarters of the man labor performed by the owner and his family. 
If the farmer leaves the farm, he loses a home as well as a job. With 
a fall in prices, the hired help may be dismissed, but taxes and interest 
must be paid when due and the family must live. When prices decline 
sharply, the farmer often feels that more must be produced to meet 
the fixed annual expenses. Repairs are delayed, improvements are 
postponed, but men, women, and children work harder and longer in 
order to produce more at lower prices to maintain the necessary income. 

Also, ownership of a farm is an individual matter and the risks of 
ownership are not scattered, as is usually the case with a corporation. 
It takes the major part of a man’s lifetime to become a coniplete farm 
owner ; hence most farmers are in debt. Much of the capital invested 
in farming is more or less fixed. A dairy cow does not reach her 
prime for five or six years and does well to pay for herself when eight 
years old. Tile drains and buildings require many years to pay for 
themselves. The cost of removing stumps and stones must be spread 
over many years. Because of this, the rate of turnover in agriculture 
is very slow compared with that in industry, hence agriculture adjusts 
itself much more slowly to deflation. 

The effects of the foregoing are most clearly seen in a comparison 
of prices of farm products and other products from 1914 to 1926 with 
- those of 1913, as in Figure 18. Beginning in June, 1920, all prices fell 
rapidly. But the wholesale price index for all commodities fell only 
from 231 to 170, while the index of farm prices fell as follows: 


Date Farm price level, per cent of 1913 
January} 1020's ses oie eect tess 247 
June, TO2ZOH Sats ers cao RR eR ee ee ee 237 
JAMIA Y, LOST 2c eset Se eee Ba she ek ene ee 143 
June, TOOT c.cct ak porta re Greate 114 


In May, 1920, the price of wheat was $3.00 a bushel. By the follow- 
ing December the price had declined to $1.68. In June, 1920, corn was 
selling at $2.00 and in December at 76 cents. As agriculture was un- 
able to curtail its production to suit the new economic conditions, its 
products continued to fall in price while factory products soon began 
to recover. This reduced the purchasing power of farm products, as 
shown in the lower curve in Figure 18. . 


2% Bureau of Labor Statistics, Bulletin 367, p. 18. 
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However, the reason that so much of the agricultural bank paper 
of the period of depression is not liquid is not that price levels are so 
far out of line now as that the things the farmer sells are now so much 
cheaper than during the war and the two post-war years when he con- 
tracted his debts. On the basis of war incomes, many farmers bought 
machinery, buildings, land, automobiles, and better livestock on credit 
at high prices. It is difficult to pay interest and principal with farm 
commodities from 25 to 50 per cent below the level at which the debts 
were incurred. Farmers who did not go into debt at war prices have 
continued to progress financially. The farmer may greatly curtail his 
buying by getting along without many things he would like to have, 
but he can not avoid paying for the goods he bought at a war time 
price level of 200 to 270. 


mia bine | Wie 1ai7 N18 aq 1920 92t S22 1927 (Q24 1925 


Fig. 18. Relationship of Wholesale Prices of Agricultural and Non-agricultural Products 
and Their Ratio from 1914 to 1926. Base Year, 1910-14 


The great increase in taxes and railroad rates after 1920 added still 
further to the farmers’ disadvantage. Taxes in Minnesota for 1921-22 
were 246 per cent of what they were in 1913-14;°° the average freight 
rates on 50 representative agricultural products in the United States 
were 159.8 per cent of the 1913 rate.*”_ The rate on wheat from Tracy 
to New Ulm, Minnesota, on January 1, 1913, averaged 121.7 per cent 
of the 1913 rate. The rate on oats from McIntosh to Minneapolis, in 
1923, was 144.2 per cent of the 1913 level.”® 


Failures Due to Bad Management 


If banks are to be kept from failing in periods of depressed prices, 
they must be reasonably well managed. Neither poor management nor 
depression alone ordinarily will cause bank failure, but a combination of 

20 U.S. Dept. Agr. Yearbook, 1922, p. 1002. 


27U.S. Dept. Agr. Yearbook, 1922, p. 1011. 
8 U.S. Dept. Agr. Yearbook, 1922, p. 1014. 
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the two. A poorly managed bank will get along till a crisis comes and 
will then be wiped out. 

The bankers did their worst banking just at a time when their best 
was needed. Their experience had been such as to unfit them for 
handling the problems of 1919 and 1920. During the preceding 23 
years of rising price levels for farm products, farm incomes had grad- 
ually increased. Rising incomes had resulted in an increased capitaliz:- 
tion of farms. The result was that loans to farmers had generally 
been good. Country bankers had found by experience that the farmers’ 
business was sound, and they competed for it actively. Excessive loans 
on real estate were usually well secured by the time the loan matured, 
because of rising land values. The increased demand for food following 
the opening of the World War, in August, 1914, caused prices of farm 
products to rise sharply. Bank deposits increased rapidly (Fig. 19). 
Farmers soon paid their current obligations to the banks and to the 


CHANGES IN SAVINGS ACCOUNTS, TIME CERTIFICATES, AND 
CHECKING ACCOUNTS FOR MINNESOTA STATE BANKS 


260 


eeecee SAVINGS DEPOSITS 
oaeoeme TIME CERTIFICATES 
220 em CHECKING ACCOUNTS 


[i919 = BASE YEAR] 


PER CENT | 
8 J 


8 


t9l2 915 1920 1925 


Fig. 19. Checking accounts increased 156 per cent, savings deposits 192 per cent, 
and time deposits 95 per cent from June 23, 1915, to February 28, 1920. Checking ac- 
counts declined about 36 per cent in 1920. Savings accounts have continued considerably 
above the 1919 level while checking accounts at the end of 1925 were roughly on the 
1918 level. 
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business men. Prosperity became rampant and business conditions 
changed. The rapidly growing deposits neutralized the seasonal fluctua- 
tions in demands for money and many bankers became more careless 
in extending credit. It was well known that many loans made would 
need to be renewed at maturity. Banks that had been persistent bor- 
rowers paid off their debts with the large supply of loanable funds that 
came to them. The new prosperity filled both bankers and their cus- 
tomers with a spirit of optimism. Bankers began to encourage borrow- 
ing by farmers and business men in order to employ their loanable 
funds. Because of profits from increased value of inventory between 
purchase and sale, customers responded readily to the easy credit op- 
portunity. When the war ended, expansion halted for a time, as de- 
pression was generally expected. Soon, however, prices began rising 
again because of heavy purchases by Europe on money borrowed: in 
the United States and the $25 per capita contributed in the United 
States to the Red Cross. 

The banks further expanded their loans. People who had been 
saving during the war cashed their liberty bonds freely in order to 
spend the proceeds. Conservatism gave way to extravagance and specu- 
lation. Old standards of credit analysis and principles of lending were 
forgotten, and as the “economic spree” continued, loans were made with 
almost unbelievable liberality. 

In order to obtain high interest rates and liberal discounts collect- 
able on customers’ notes, banks began to borrow larger and larger 
amounts as the period of expansion continued. Borrowings increased 
during the war period, especially in the period after the United States 
entered the war, but they increased more rapidly in 1919 and 1920 while 
the land boom was rampant (Table XLIII). Few bankers were con- 
cerned with the fact that the rapid inflation of values was largely 
caused by the great expansion of bank credit in the banking system, 
and the failure of the Federal Reserve Bank to raise the discount rate 
so that the government might float the Victory loan at a low rate of 
interest. 

Finally, as the expenses of business overtook business profits, the 
expanding price level and the shrinking value of the dollar came to 
an abrupt end in June, 1920. Banks soon found that owing to falling 
incomes, farmers were unable to reduce the amount of their short-time 
current loans. At first it was generally expected that prices would 
soon recover, and the banks had to renew loans and did so rather will- 
ingly. This necessitated more borrowed money to maintain the reserves, 
which were declining rapidly owing to declining deposits. Bills payable 
and notes rediscounted for state banks increased over 11 million dollars 
after June, 1920, and did not reach their height until late in 1921 (Table 
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XLIII). The increase in borrowed money after June, 1920, was about 
seven times the total amount borrowed in 1915. 


TABLE XLIII 


Money Borrowep sy Minnesota State Banks at Various Dates BETWEEN 
I910 AND 1927* 


Date Thousands 
PALE: BO, TOTO eave miata a avnra di pasos oueta vet erivun oy ents tenaah lala ce tetera oe atte coats ean $ 486 
Jere! $75 TRG LT: oc ete aloe sustelehars sreMinie © siete cea mlotetcdene ts oie rerey ai tar at eine at ean 1,177 
FUN] Ty LOT wera sarees oto) oes wieelie bvoettn, deb cpa a) wig leaps foksye va ote a el eae 790 
NARUSE. (Gh. TOUS ese ate tosa)cogelevaiosolie paves avaraln) 5 Aid) over ota sfayareitensiare take att tea 1,110 
JFrame JO} WOW Bi oaks co seceis a case ce es'asieia’ wat evattwle'a a @ wtole alsa alate fete cl ver alte he Sechelt eee 1,208 
I Eth (came. Py Goll Gt) Stee ae eee eh See ane ns aie AE ER ORY Am cS 8 1,713 
WANE) BO, TOKO aie aseva. cet notes asiarsiiovexaynscs oj ateseltaneletecsnanay tchiaeie\e |p erent iene ane 2,006 
Faly: 255° LOU oie oie 5 oon ee Vals are ob le stole Slacale ts Ge Ween Vere eee ee 3,489 
Jute v2Oy LOT Bis oe. Rebeainre elated vo foretell eee tu alae GP ereleae veaeielins telat area en 6,977 
Bos ie ro LoL: Ee AE RN Se Mee He I harpaIat mS ooo 4,199 
December 33, KOU «so cis wye-wve ev vslsle Bras cis os lacayainse, «10 eoe, 4/513 ie, car eee 8,117 
Frames 905 “TO 2Os sik esha Se Reece sah guile = ue nee wees ae ohare ete ee 17,044 
(etober 6). DSO. wi a -daiea Wet mater nw amaltae re ehane Yostergl ele eal ences eb ie aie aan 24,177 
November) £5520 200 otis = «fe «cts erersraryetecio. cic Grol eee nates ered leet eee 27,461 
Bebruary 22, “LOST & Ay). :cscoleaicial ow etnies stents Semteloher el > Cae ee 28,241 
Jaime 305. POST sion. aus Als aki a salennte ice tags 0 kel im ats coseTe ft walla Se ae ate ee 28,194 
October 6, 1921 rior mor mc ioe ioe oe 28,504 
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Jame S05. Tos4s S . Bes chee ots eaotwrenays ceo w ees aera a aaa ies ic 9,807 
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Deceiiber gr, 1625 ;.,..:iaj6 fice ris-cyesens ma iaie’ose:8 bi cies oratellqudl teptve okie ae ee 3,975 
Mareh? 25,26... 08s ase caret viele Aeioverd 2 a sudary een aate Ulagtat eee 3,338 
June,.30,-20264%, cw baer coe mies ote « atele antiyo oe eee Oe ee 4,337 
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* From Abstracts of the State Banking Department. 


In attempting to maintain their reserves against declining deposits 
and slow liquidation, the banks raised the rate of interest on time 
deposits. Probably this was a mistaken policy, as it appears to have 
resulted only in withdrawal of small funds from banks that did not 
raise their rate of interest and their deposit in those that did. Bank 
expenses were increased when they should have been lowered. It is 
questionable whether a higher rate of interest induces an immediate 
increase in savings. 

Too frequently credits to farmers and merchants were so excessive 
that the face of the loan was greater than the value of the security or 
any security that the debtors could offer on the basis of the new price 
level. The volume of losses from such loans need not be very large 
to cause a small bank to fail. Too many banks of all sizes had paid 


20 per cent dividends in 1919 and 1920 instead of creating a large re- 7 


AGRICULTURAL CREDIT IN MINNESOTA 83 


serve for losses. Where the farmer could supply ample land security, 
hundreds of banks were saved by the farmer funding his current in- 
debtedness into a long-time real estate loan. The Minnesota Rural 
Credit Bureau probably saved scores of banks by accepting several 
hundred marginal land loans during 1924. Loans made by the Minne- 
sota Credit Bureau also gave the farmer an opportunity to save his 
farm and home by spreading the payment of his debt over several years 
with a low rate of interest. 
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Fig. 20. Through consolidation and failures the number of state commercial banks 

and national banks in Minnesota at the end of 1927 has been reduced to the level cf 1915. 


IW2 
1924 


The period of adjustment to the new price level was marked by 
political unrest, bankruptcy, bank failures, and reversion of land to 
former owners. The public knows little of the hundreds of owners 
of bank stock that have been compelled to pay assessments to put their 
banks on a solvent footing. Through consolidations and failures the 
number of banks in 1927 was reduced to that of 1915, as shown in 
Figure 20 and Table XXXIX. As a whole, the banks of Minnesota 
are now thought to be in better financial condition than at any time 
since 1920. Most banks are independent of outside capital. 
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“Frozen Assets” 


Probably the term “frozen assets” has been too freely used as an 
explanation of bank failures. It is true that banks found themselves 
in too many instances with slow notes of farmers and merchants in 
their files. However, if there had been ample security behind these 
slow notes, they could have been rediscounted or the security sold and 
thus liquidated. It is doubtful if a well-secured note, even in the 
depths of depression, could not have found a market. But the so-called 
“frozen” notes found in the bank files were often entirely unsecured, 
often signed by individuals or corporations whose financial rating never 
warranted a credit extension as large as the face of the notes, and in 
many cases the secured notes were secured by property that had come 
to be worth less than the face of the note. Thus in many cases the 
notes were worthless or nearly so. That many of the “frozen credits” 
were worth less than their par value is shown by the fact that many 
banks failed long after credit became plentiful. As has been said on 
several occasions, the “frozen assets” have often proved to be “rotten” 
when they started to “thaw.” 


Banking Regulation as a Means of Improvement 

In-general, there are three lines of attack on the problem of im- 
proving country banking. One is to set up more overhead institutions 
to work with the banks and co-ordinate their activities. It seems that 
with the three types of federal banking institutions we can rest for a 
while and learn to make proper use of what we have. Another is to 
adopt research and educational programs for the purpose of improving 
local management. The possibilities of this have been barely scratched. 
The third is to develop a higher order of regulation of these activities. 
The third method everyone turns to first. And surely banking is a 
type of business that must submit to a large measure of public super- 
vision and control. 

In Minnesota, public interests have been safeguarded by an efficient 
Department of Banking; but the powers of the department have been 
limited in some important respects. The general philosophy has been 
the same as in other central western states, namely, that the public 
would be best served if individuals were allowed to engage freely in 
the banking business with as little supervision and control as possible. 
Under this system, many small independent banks have developed, the 
capital of which has been largely contributed by the community in 
which the bank is located. The officers and directors of each bank 
usually are local men interested in using the funds of the bank to | 
develop local industries. Prior to 1920, charters were granted with- 
out much restraint. People in Minnesota have generally objected to a 
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control of local banks by outside capital. Branch banking never made 
any substantial progress and was prohibited by law in 1923. (Chapter 
170, Session Laws 1923.) The capital requirements established by law 
have been so low that a bank could be established at every hamlet or 
country trading center. 

Prior to 1919 the number of banks that might be established at one 
point to compete for business was unlimited, with the result that the 
number of small banks increased rapidly. It is not unusual to find two 
or more banks in small towns where there should be only one. The 
cost of credit has been needlessly high—the entire banking buisness of 
most communities could have been easily performed with one overhead 
charge instead of two or more. Surely two banks of $50,000 capital 
each could be run more cheaply and serve the community better than 
four banks of $25,000 capital each. ' 

The advice given by Kelsey S. Chase, superintendent of banks in 
1912, is to the point. He says, “There have been thirty-five banks 
chartered during the past six months, almost all of which were or- 
ganized with a capital of $10,000. The prosperity of Minnesota and 
of ‘any community within the state is not enhanced by a large number 
of banks, but its prosperity does depend in part upon the strength of 
its existing banks. Almost any three or five individuals can organize 
and operate a bank for a time, and no one can lawfully prevent them, 
even tho the incorporators might be absolutely incompetent and finan- 
cially irresponsible. Often the seed which later develops into a second 
bank in a community where only one bank is needed is sown through 
local jealousies and factional quarrels. Irresponsible parties who have 
been denied loans by the existing bank are often the most aggressive 
agitators for a second bank.”® 

Prior to 1910, banks and other financial institutions in Minnesota 


_were under the jurisdiction of the public examiner. Private banks were 


not under state supervision until 1907. The laws of 1907 compelled 
private banking institutions to incorporate as banks or discontinue 
business, so there were no private banks in operation by November 1, 
1909.°° The establishment of the Department of Banking, in 1909, to 
enforce all banking laws was a decided step forward. While the legis- 
lature has always been friendly to the requests of the banking depart- 
ment for increased funds, the work required of the department has 
grown so rapidly that appropriations have not been sufficient to meet 


_ the increased demands. Salary limitations have greatly hampered the 
_ department. After a man is well trained to do bank examination work, 


} 


q 


he ordinarily has little difficulty in securing a $5,000 position with a 


2 Third annual report, Dept. of Banking, p. XXIX. 
_ . 80 Report, Dept. of Banking, 1910, p. IV. 
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private enterprise. This is more than the upper limit established by 
law to be paid to the superintendent of banks. 

The work of the superintendent of banks*! under the law is to exer- 
cise a constant supervision over the books and affairs of all state banks 
and other financial corporations and, through the examiners provided 
for, visit all state banks at least twice each year and investigate the 
character and value of their assets. He is required further to investi- 
gate the method of operation and conduct of such corporations and 
their system of accounting, and to ascertain whether such methods and 
systems are in accordance with the law and with sound banking prin- 
ciples. He may examine, or cause to be examined, on oath, any officer, 
agent, customer, or depositor of any bank on matters touching the 
business thereof, and compel access to such books, accounts, documents, 
and property as he may desire to inspect. No examiner may examine 
any bank in which he is interested directly or indirectly. 


Changes in Banking Laws 

During the last few years, marked progress has been made in 
remedying elements of weakness in the law relating to bank regulation 
and administration. The following are the more outstanding changes 
made. The Minnesota State Bankers Association has almost without 
exception taken the lead in securing these reforms. 

1. Perhaps the most important change has been that of granting to 
the State Securities Commission control over the granting of the initial 
charter for any kind of bank to be organized under the laws of the 
state. (Chapter 86, Session Laws, 1919.) Heretofore, weak, un- 
necessary, and poorly managed state banks have been organized by 
itinerant promotors who were interested only in collecting a liberal 
fee.°? The law of 1919 enables the commission to deny a new charter 
where the need for additional banking facilities does not appear to 
exist, or where added competition would endanger the solvency of 
existing banks, or 1f the commission is not satisfied that the proposed 
bank will be safely managed. The practical working of this law is 
shown by the fact that 20 out of 42 applications for charters from 
July 1, 1923, to June 30, 1924, were denied. 

2. Closely connected: with the power granted the State Securities 
Commission to: prevent, under certain conditions, an increase of state 
banks, is the permission given to existing banks to consolidate. With 
the written consent of the superintendent of banks, one bank may con- 
solidate with another, but the transfer of assets and liabilities to another 
bank shall be without prejudice to the creditors of either. (General 


%1 Changed to commissioner of banks in 1925. 
22 Third annual report, Dept. of Banking, p. 7. 
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Statutes, 1913, 6373.) The consolidation of two banks may make one 
strong bank in place of two weak ones. The department has been en- 
couraging such procedure. A. J. Veigel, superintendent of banks, says 
“Many cities and especially villages have too many banks. If a bank 
does not have enough business to pay reasonable salaries, dividends, 
charge off losses, and build up a surplus, it will probably not be a safe 
bank indefinitely. Our department is therefore encouraging and even 
urging certain banks to consolidate when the conditions warrant such 
action.”*# 

3. The reorganization bill of 1925 changed the term of office of 
the superintendent of banks from two to six years. The effect of this 
change is to make the office less subject to political disturbances and 
influence. The activities of the Department of Banking in protecting 
the public interest must necessarily often interfere with the private 
activities of individuals having more or less political influence; hence 
the more nearly management can be divorced from political influence, 
the more efficient the management may become. 

4. An important safeguard incorporated in the laws of 1925 deals 
with restrictions on loans to officers and directors. “No cashier or 
other officer or employee of a bank shall sell to such bank, directly or 
indirectly, any mortgage, bond, note, stock or other security whatso- 
ever without the written approval of the board of directors filed in the 
office of the bank—and a copy sent to the State Superintendent of 
Banks.” (Chapter 305, Session Laws 1925.) 

“Every state bank shall be protected by good and sufficient sureties 
against unlawful acts of any of its officers or employees. The bonds 
must be satisfactory to the Superintendent of Banks.” (Chapter 351, 
Session Laws 1925). This provision is an important recent safeguard 
adopted by law. Probably the law did not go far enough in this respect. 
A perusal of the annual reports of the banking department over a num- 
ber of years conveys the impression that the banking department fre- 
quently felt that too many banks were managed like a private land 
company. The Royalton and Bowlus cases, described in the 1912 report 
of the banking department, show the extreme to which a bank may be 
looted by over-loaning to officers and companies in which the officers 
are interested. The day has passed when any banker may regard a 
bank as a private institution in the same sense as a real estate office. 

5. The state banking department has for many years recommended 
to the legislature an increase in the minimum capital of banks, but the 
matter was not acted upon favorably until 1927. The 1927 legislature 
amended the former law regulating capital and surplus requirements 
as follows: 


-83 Letter to all state banks and trust companies, dated September 22,’ 1924. 
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Old law - New law 

Population - Minimum Population Minimum 
of of Sa 
municipality Capital Surplus municipality Capital Surplus 
500. OF Jess" itn one eee $10,000 $ 2,000 
F001 (OT 9 Lessin hdic nei $10,000 $2,000 OO: SO) TFOOO'- lores alel eae 20,000 4,000 
TA OOO COU, SOO kena wee nee 15,000 3,000 T,OOO0) CO) 25500 «ena rotons eee 25,000 5,000 
FeSO! LOVL OO Ois a aie eta erat nr ess 20,000 4,000 2,500; tO” TOOSOOOh te stsielennca 40,000 8,000 
2,0O00*OF ANOLE icicles ace aisieleie 25,000 5,000 100,000. and Over... oe mene 50,000 10,000 


* Left to discretion of securities commission, where there is no bank. 


Under both the old law and the 1927 law there must be a paid-in 
surplus equal to not less than one-fifth of the capital stock. The new 
requirements apply only to banks hereafter organized, so if the present 
banks, as seems likely, constitute the bulk of the banks for a consider- 
able period, the gains to depositors through a greater margin of safety 
are deferred to the future. A qualification should be noted—the 1927 
legislature amended the banking laws so that no state bank or trust 
company shall accept deposits in a sum exceeding 25 times the amount 
of its capital and surplus. The increased capital requirements should 
tend to reduce the demand for new banks. Wyoming, Idaho, and 
Utah recently increased the required minimum initial capitalization of 
new banks to $25,000. In fact, the minimum is now $25,000 in most 
states.** Minnesota’s minimum requirement appears to be rather 
conservative. 

With the advent of improved roads and the general use of motor 
vehicles, there is less need for a small bank at every cross-road. No 
doubt people would be willing to travel a little farther for banking 
services if it would bring greater security for their deposits and help 
to insure a continuous loaning service instead of the recent disreputable 
situation, as a result of which in some communities there is practically 
no adequate banking service. Banks with larger capital and surplus 
would also have an advantage in being able to take care of the needs 
of the larger borrowers in the community, as the state law limits the 
size of loan to any one individual or corporation to 15 per cent of the 
capital and surplus of the bank. The considerable decrease in the value 
of a dollar from 1913 to 1926 makes the nominal increase in capital and 
surplus larger than the real increase in terms of purchasing power. 


Further Changes Proposed 


It is believed that the following further changes would assist still 
more in preventing epidemics of bank failures such as the recent one. 
1. The appropriations for carrying on the work of the banking 
department ought to be increased and the salaries for the super- 
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intendent and experienced examiners should be increased sufficiently 
to enable the department to compete successfully with private busi- 
ness for trained and experienced men. Chapter 136, General Laws 
1919, provides that certain fees are to be charged for the examination 
of state banks, savings banks, trust companies, and building and loan 
associations, such fees to be paid into the state treasury and credited to 
the general revenue fund of the state. The fees earned by the depart- 
ment under this law during the fiscal years 1923 and 1924 amounted 
to $156,805.°° The total expenses of the department for the two years 
were $269,657. Deducting the fees earned, the amount paid by the 
state for the two years is $112,852—an average of $56,426 a year. The 
small additional appropriation required to obtain and retain a com- 
petent personnel would be good economy for the people of the state.*® 

2. Another change in the law thought.to be desirable is to reduce 
the number of mandatory examinations from two to one, because more 
time would be available for optional examinations where these are most 
needed. Many banks are run so conservatively that more than one 
examination a year seems to be useless. 

3. Some plan should be evolved for giving the banking department 
control over the qualifications of local bank officers. At present no 
such control exists after a bank is once established. The basis of such 
control might be a licensing system by means of which minimum 
standards could be set up and enforced, such as are enforced for drug- 
gists. Through a licensing system the managers of banks might be 
required to have a knowledge of banking laws, to know something 
about price levels and business cycles, banking and investment prin- 
ciples, and to have had a reasonable amount of banking experience. 

4. Greater protection should be provided savings depositors in com- 
mercial banks. It is proposed that the assets in which savings deposits 
are invested should be segregated and that it be unlawful to pledge any 
such assets as security for borrowed money. It is believed that savings 
depositors, more than checking depositors, suffer deprivation from bank 
losses. Furthermore, a bank usually borrows in order to make loans 
to customers having checking accounts. A checking account usually 
represents but a small part of the assets of any individual, and a partial 
loss of such accounts seldom results in actual personal deprivation. 
It seems appropriate to segregate the investments made with time de- 
posit funds, and to make such securities not subject for any liability 
of the bank other than that to its time depositors. 

5. County clearing-house associations should be established. The 
clearing-house idea is a part of the program of the clearing-house sec- 
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tion of the American Bankers’ Association, by whom it has been ad- 
vocated for several years.** The clearing-house movement began in 
Chicago about 1905, after the Walsh bank failures, and has since 
spread to 32 cities and to a few country communities. The plan con- 
sists simply of a voluntary examination by an examiner employed by 
the association, who concentrates his attention on a few banks and 
whose reports serve as the basis of a credit bureau for improving 
banking conditions in the territory of the association. In organizing 
such an association, the banks of one county or of several counties 
combine for mutual protection, and agree upon certain banking stand- 
ards. These standards should soon become the basis of increased public 
confidence. 

A managing committee is selected and an examiner employed. The 
duties of the examiner are to make periodic thoro examinations of each 
bank in the association. All assets of the bank are examined, all notes 
and other assets and securities are carefully checked, and intra-bank 
borrowings detected. After such examination, the actual position of 
each bank is determinable. A complete report is made, which would 
furnish a basis of appraisal of the bank’s ability to pay its depositors. 
The report should be frank and open and presented in person to the 
directors of each bank. Under the clearing-house system, no excuse 
exists for serious losses, and the public would be protected to the fullest 
extent. 

Unless bankers can be held responsible for the banks that fail, there 
is no valid argument against the justice of government guaranty of 
bank deposits. When the federal government, the state, or a county 
deposits money in a bank, it usually requires a bond from the bank 
guaranteeing the safety of the deposit. The individual has as much 
right to be insured as has the government. State guaranty laws have 
generally been unsuccessful because insurance was attempted without 
respect to the risk and also because of political control. There are in- 
surance companies that will insure bank deposits but not without select- 
ing the risks to be insured. 

The depositors have a right to some basis of discrimination between 
banks. Under the clearing-house system, the banks themselves provide 
such a system. Banks not managed according to the principles adopted 

by the association are expelled or forced to conform. Knowing the 
risks, the association ought to be in a position to see that no depositor 
ever loses a dollar. 

There are two main objections to the plan. Some say that the 
jealousy and distrust among neighboring bankers makes it impossible 
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to get bankers to co-operate in this way. This objection was raised 
when the system was first proposed for city bankers. Some of the city 
bankers were slow to join, but all managers of large city banks are 
now thoroly convinced that the plan has materially advanced their 
welfare. The bankers’ opposition can not be well founded, because 
any plan to strengthen the banking system benefits the largest as well 
as the smallest bank. 

It may also be objected that as banks operate on a narrow margin, 
few could afford to join a country clearing-house association. If we 
assume an association with 25 member banks with each bank contribut- 
ing $250 annually, a fund of $6,250 would be provided—an amount 
sufficient to hire a good manager and a stenographer. It is doubtful 
if $250 could be used in any other way to purchase as much protection, 
confidence, and good will. It is claimed that membership in a city clear- 
ing house has increased deposits, and it should increase deposits in 
country banks even more. The probable benefits of the clearing-house 
organization seem to more than justify the expense. 

The country clearing-house plan, then, ought to reduce risks and 
losses, increase profits in banking, and at the same time help to meet 
the rather insistent demands of those interested in the integration of 
banks through branch banking. It has possibilities of being an effective 
and sensible solution of the present demand for guaranty of individual 
bank deposits. 
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APPENDIX 
TABLE I 


NuMBER AND Amount oF Mortcace Loans, ForecLosep Loans, AND DELINQUENT INSTALL- 
MENTS HELp By MINNESOTA DEPARTMENT OF RURAL CREDIT, 
DECEMBER 31, 1926 


Mortgage loans 


Delinquent installments 


Vorec'osed loans 


County 
Number 
DATEKAM NS oissays fel cieesatomertteteisieis 325 
ROA, oo. cists wletmere ed etx 88 
Beereres ccaos pecans mates 312 
Beltrami <s.scsew area eset 243 
Benton vars aranret tanta nee mslad 21 
Big Stone: a.y.0%ceksishiaers 31 
Blue ME anthy eastern 30 
IBS OW tlh Momicters cvevetiene ie cerenete reiatecs 32 
CACHON —Siric.. wnceten seer 156 
Carver gcc ee ee tees 17 
Cade. Shr. tema hk Mearery ante 334 
Ghippewai coat can cate cerca 46 
MCBIS ARON eerayiin sim ials aig below ete TIO 
layouts Radio aoe cers herders 162 
Clearwater” sh ss eee ane 307 
COOK AE Sarda Seale Somer ei ticlanrs none 
Cottonwood so. 65.0 awe wee 39 
Cnawee WV IN tee eran 130 
Da Ota cs tenance emia ta tiecner 74 
Dodger daca sie nen sed pis een ay 25 
WGWelas ss. wie wets eats 79 
Haribatlt: Ca.tre-.riserctke aes 36 
Willmore” iene ae dees able cave 17 
HireCebOwsay foie a:s' cue ehipsy eie eee 30 
Goodhites sie sestiee-eeieveneess 7 
Grants Garou saeco eae 82 
SN BE PI. sive cece nie is meratacar ets 61 
PLomstonl (osc tens sake weet ate Il 
Hubbard Apacs stacey 133 
ESARIBL cb. Sci aeemevene meray 162 
TGASCA pro wareit ie scteuterm eerie 98 
ENE Bion SOR e on 30 
BSATIADERY Votesats erecta vi uher tiene ats 204 
AGA TIC Ob ie aherete arty eee alee 50 
INIttSON" Giada tk ee Ae tein a 338 
Koochichinge. aaece acters: 45 
ieacecau -Paslen mews. ue ce 56 
DEFAIEE Ys Sy citepeuche tal evstale ters aes faye ede 3 
Lake of the Woods....... 152 
WESCOUL |. Se wteoe ae eee ae 17 
Meisieobsiei ys cesrasate Sectots Wieiers tale 7) 
BY ORN Mecsceyaiavesetecsys reueievautheieee 3 56 
Miclieod (ititiimouresyen acm anes 8 
Mahnomen ruc < asin + sonetan 6 170 
Marshalls. actns ataeriche 605 
Mar titre mgecocins cietcieranreess 23 
Meeker cAtina. x cieis eimayetes 34 


Amount Number Amount Number Amount 
$ 758,600 46 $ 6,451 4 $ 8.538 
311,900 9 2,025 none 
1,631,100 60 18,897 II 80,516 
493-700 45 6,492 6 19,605 
95,900 D 194 none 
234,100 9 3,797 none 
275,100 I 200 none 
322,500 none none 
306,300 13 1,309 3 5,126 
142,700 3 569 : none 
736,600 53 5,710 17) 52,466 
412,200 I 406 2 18,680 
540,000 6 775 2 15,425 
I,116,000 21 7,664 4 25,499 
1,655,100 50 9,889 6 29,592 
5 1,462 none 
420,000 none none 
373,900 8 1,758 none 
356,100 24 4,682 4 12,152 
215,100 none none 
521 800 12 4,580 none 
408,200 7 2,440 none 
158,500 2 1,164 none 
282,700 2 559. none 
43,800 none none 
630,700 4 985 none 
244,100 5 2,341 none 
88,700 i 252 I 7,714 
367,800 15 2,241 18 4,721 
634,900 9 1,327 I 2,863 
218,700 10 802 none 
338,900 5 1,741 , none 
779,600 22 3,244 I 5,518 
345,300 3 1,489 I 9,084 
1,785,500 70 22,322 18 97,395 
77,800 3 220 none 
555,100 3 1,938 none 
6,200 none none 
229,800 28 2,881 none 
120,500 none none 
771,800 8 3,079 none 
608,600 4 932 none 
75,500 * none none 
844,700 41 14,829 5 50,885 
2,710,700 114 37,154 34 223,877 
242,300 I 375 none ; 
259,100 none none 
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TABLE I—Continued 


Numser AND Amount oF Mortcace Loans, Forectosep Loans, aND DELINQUENT INSTALL- 
MENTS HELD By MINNESOTA DEPARTMENT OF RuRAL CREDIT, 


DECEMBER 31, 1926 
wo a ee ee 


Mortgage loans Delinquent installments Foreclosed loans 
County —= 
Number Amount Number Amount Number Amount 
MNCS IY AOS) Cote a syeleve ates is 2 93 338,600 5 1,100 I 35259 
Morrison ..... Speco OREO 141 650,500 10 2,679 2 25,226 
once te eet sie cisisrayGiaistsiofs ster > 5 53,500 none none 
Mt eaciy arpa camtanieie le cfelau soe 28 305,200 7 3,803 none 
PNITCOMET Mere teysheur fete le cic.iog ts! es 28 175,700 none none 
ING) DIES SS Bese nek eee 6 49,600 none, none 
INaarictat merci: citer wileve'a cscs s 140 842,100 2 6,507 4 48,992 
NOM ISLE Mciaiptonsicto Afsicts sie =.5 5 4 32,700 none none 
OitectaWaanrrtisieasasieccen 375 2,065,400 26 6,158 I 4,929 
PERMINStOM [eles ccs canes 317 1,498,000 82 21,514 28 171,859 
Heitie tee erie, fy vrais crore se cot cee eels) 813,800 20 3,522 2 18,281 
MEEIGSEOMIO oie! jhe etaisin crete; s = 6 53,500 I 936 none 
BED Iicactare cus esoisiaye.) > Rieienss 490 2,949.000 63 20,476 13 141,132 
IRE NS! i Ade. dnc. GO Eee nOr 63 481,100 II 5,093 none 
DRATISCNam RIM net Seta tse crsjeras: a0 29 107,400 4 459 none 
Riedie ake ite tarers ere ete: sieiee\s 26 210 880,800 24 8,854 7 35,205 
CECI fo oe cl hic) eva piniais Os 23 237,500 3 1,547 none 
LSE 75 694,100 %. 3,209 none 
IRSWE "Ah aco See (Te 48,900 none none 
Rock is-7..:. Lohans opORQeonD 3 29,000 none none 
PROBE A Hil iets chive s/'s mieten, 536 1,521,400 87 13,356 12 45,444 
Sun UEGUERE G biter eI sO SIGRID Oe Ba 132,000 8 751 none 
SCONE MMP Iara teriivelsls 9 sie Spi a 36 287,000 6 1,707 none 
STOMP TMG Meter trailpisisisinvaueie) no's: 93 343,600 6 2,050 none 
SLO? Bocce eC ene 5.1 PRS) III,500 I 287 none 
RIUCAUIGINe elaiyec!s e'6 sere si vey 66 460,800 7 1,899 I 4,833 
SGEIS) nig. esc ope Oa y) 76,000 none none 
RSTOMENSMMENEY eT iio Alesancce close 5 45 382,200 I 188 none 
OME METER sae hic kis wloise wis os 102 907,000 20 6,727 I 75555 
BROCOU a eprivetic n'-2°5 0 oAeboga 161 839,400 10 2,398 none 
USAW ET Tac OS eC Ren 45 355,300 5 Bers I 10,336 
\WETEE! Ck Caterer 21 £72,100 8 | 5 1,097 none 
(Wadena ....... mont et os 179 747,300 34 5,744 2 7845 
WESREh Soe CaaS Che nee II 84,700 none none 
WWaShingtonnn-.cjo cess ese of 449,700 15 5,161 none 
Wratonwan' <.. i. .eds esses Ww 128,100 none none 
DVNaUAitdamterayst eyes lets. A isi's\s Sse 2 38 325,700 2 432 I 7,560 
WITIONIGL Serer cscs des nes se 24 222,300 I 2 2 18,454 
SWISS © 6 SB DSS See 30 187,100 3 1,000 none 
Yellow Medicine ......... 25 260,500 I 619 none 


96 MINNESOTA TECHNICAL BULLETIN 55 


TABLE II 


Direct Loans oF THE TWELVE FEDERAL INTERMEDIATE CREDIT BANKS TO C0-OPERATIVE 


MarketinGa AssociaTions, CLOSE oF Business DECEMBER 31, 1927 


209,970 
43,745 


21,055 
135,506 


Total 
direct loans 


$ 50,000 
2,298,198 
2,665,000 
1,950,409 
4,880,721 
1,369,048 

847,848 
759,970 
6,443,745 
1,500,000 
8,395,647 
830,009 


Tobacco, Cotton, 
District Beans(a) Whea Alfalfa seed (d) 
Red-top seed (b) Dried fru Raisins(e) 
Springneldin scvcus scastenterets €  BByOGC Ae Sekurdlicnhet oe ae ee eae 
Baltinvore. vaca dln ater DA08 2680 Wl — isan) te a eee 
Roreinita. (i .52 ora ccd see ee Se a ee eee 2,665,000 
Rerisville: 5:5 cdanvomateite T3O50,400"' 9 lia.eetece eae en 
NeW Olean ge raise eteferte a oa | int te el ehahees In ek ey eae ainee 4,880,721 
Str laO (815: Mrs sys vane sus vauslsrevarcze BIGOOUD iy ke mveisieteretarore 658,210 
Sh. HALE devas Oaa ee hm dake erent $826,682) +) >) "ae 
Oma ee se sacucsteenineee ye cere cee aie EEO;000"" a | ton cet arene 
Wirehtta, aie ar acuecieu tient ioetae 1,160,000 5,240,000 
PIOMStONS iy Wess oh aire (Oe eee) Leen eel ane: 1,500,000 
Berkeley: voy. seis skeen 250,000(a) 407,705(c) 5,950,000(e) 
SPOKE & a isis six ature sie 60,000(a) 37,400(c) 54,000(d) 
Canned fruits Rice, 
District and vegetables Honey (£) 
Springtield! "2 Fesatsdince cet sakes be lets ROI | Caner 
Baltiiaiore: «vi sass statero wea leccee ate orate oun Serato GPO ad) att eae 
Cohumibia : | ese acts ebro telat cloesc gic Oe eee sO Tm ny a weiner 
ouarsville: Mie iisa tes cnotaseeievetevereiek Gime a ceteteiste versie” 8) SINR Serena 
Mew! Orleans.) silaiccunth ant eve eo de cle Po teeeeene © af Oe eects 
St.Louis’ MoPhas wali aah eanie este Bh Menten $ 659,238 
Sth Pagal Weninkis a oteietncipebed chen on oe $.-26;006 7 > © "RP ease 
Omiaha cr Weawdilelrictinasnesakanmuneeeateeke Neca =) ca aera 
Wichita ai slums Shipeak ectetis a seis ey sai ies Perret suey ND ce) eer 
AO} DIC oho Weare PaO erect Sued ACCRA te MGTIO Os 8 Dw og Aita.o. 
Berkeley. < orissatstentenage nic) «aig tevartolera se sesuers 611,241 1,155,646 
Spokahies ss pevk a sicorsrdeacn eae es eva 511,149 31,945(f) 
TABLE III 


PERCENTAGE OF TENANCY IN MINNESOTA AND NEIGHBORING STATES COMPARED, 1890-1925 


Percentage of farms rented 


Area 

1925 1920 1910 1900 1890 
ING ME SOFA F crinctaye ohebutereievonstneratehtere 2750 24.7 21.0 1723) 12.9 
Westh Dakotas eye dectastoes aes 34.4 25.6 14.3 8.5 6.9 
South Dakota: vss svee vrecscetevaye are, acons 41.5 34.9 24.8 21.8 F352 
MMPOriPa Ta OG rcs si ctotors iota isroriciseteuiar 21.4 11.3 8.9 9.2 4.8 
OWS F ca-croaie aims siesereracietse siege 44.7 41.7 37.8 34.9 28.1 
WHSCONSIN jefe cic: ars ornare heesisuohenelebereens 15.5 14.4 13.9 1396 11.4 
Min Ols widen atatvetne nee eects seats 42.0 42.7 41.4 39.3 34.0 
East north central states........ Pee ZOO 28.1 27.0 26.3 22.8 
West north central states......... 37.8 34.2 30.9 : 29.6 24.0 
Wimated States: =: caisrciae saeietesererereies 38.6 38.1 37-0 35.0 28.4 
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TABLE IV 


AMORTIZATION Pian Usep sy FEDERAL LAND Bank 
Principal $1000 Rate 5% Semi-Annual Installments $30.00 Final Installment $46.58 


Amortization table 


Year due No. Interest* Principal* Date paid Initial Balance 
TET Pairs Cae OT eae uae eNOS CaS I $25.00 $ 5.00 ——_- —§ — $995.00 
AO eiaiererdatataratsiaye av<sisyeie: ausyeie sic: » 2 24.88 5.12 ———_- —— 989.88 
eft, Soieh Sia. Cin) 0c. Dac ACCEL RCTIORCROSOIOID 3 24.75 5.25 —— — 984.63 
BEER GAs Bonen GOGO Onee a aoe 4 24.62 5.38 a aD 979.25 
TOT EOW bry Ath ey 3) Reo IEICE 5 24.48 5.52 ea 973-73 
ODA. ish ae ois at RIO RCE Fe 6 24.34 5.66 a 968.07 
ROG SREP eee a yoiie a cus eee 7 24.20 5.80 SSS 962.27 
SIGS Seater einige cincions nc cine. socis ale ie 8 24.06 5-94 ae ee 956.33 
HOZED ee OR Sea Cee 9 23.91 6.09 Si 950.24 
TEES “G30 06 AERO, See 10 23.76 6.24 SSD pyceess 944.00 
A025 2 dace. cock Panes Serna II 23.60 6.40 aS SS 937.60 
TOES turig. octane 5 aor ro eae 12 23.44 6.56 = SS 931.04 
POLE" &eacu CRG Ot RC Tee 13 23.28 6.72 SSS Se 924.32 
UAE) aig SAR GAGs OO 14 23.11 6.89 ee 917.43 
TOMS a dert isis tiers aigicerista > S285 15 22.94 7.06 BSS SS 903.13 
Se hu br ORDO AEE eee 16 22.76 7.24 SS es 903.13 
TO ZO since nace A matin) COBO En 17 22.58 7.42 —__-—— 895.71 
SPE eo els Gece ee eee 18 22.39 7.61 —— 888.10 
ee oe A ek ae 19 22.20 7.80 ——_—_  — 880.30 
COAG eae ayant ais ase kas 'siviinys)/6 s:Gostveira. 0 20 22,01 7.99 —_ 1S —§- —— 872.31 
GAG CIM sL tata i s.[5/6),ch 0h «'s,eueie snes BI 21.81 8.19 —__ —-—— 864.12 
HOE LG (oy sHiei Scat nace Ono De CnC NDS Rosa SRE 22 21.60 8.40 —_—- _ — 855.72 
WS Manic ei aay hdc Ee A awl aie's wl 23 21.39 8.61 —_ —-——_ 847.11 
OPEN eis eds: Fa. ein nos 24 21.18 8.82 ———- — 838.29 
RINE Os cas 2 OCC CREE CRCROI aca 25 20.96 9.04 —  — 829.25 
TGZ2! the acess {Sete Oe OR ae 26 20.73 9.27 ae 819.98 
SINE wie ub Odi Od JO Ge Ores 27 20.50 9.50 —_—_- _ — 810.48 
CIO, Be i Rare Sic eo eC eae 28 20.26 9.74 ——_-  —-— 800.74 
LOAN (aenioyis a ovahe etatle arb 66: 8S OT 29 20.02 9.98 —— —_—-— 790.76 
SUS AMS ema nip igieig alae alte Sis sas ee 30 19.77 10.23 —_- 780.53 
DGS) Bays 2 nc bao aoe OO eae 31 19.51 10.49 —_- Ss —— 770.04 
MO Seitet ma teinisteie cli (cl tapiels ree eee 32 19.25 10.75 —__ 1 — 759-29 
Ep SEMM OPTI aera) CiaiWislicls v.c.e'sield es 33 18.98 11.02 —_ —_ 748.27 
ENO AS GO CODES EE One 34 18.71 11.29 SSS SS 736.98 
Se mena ets\siclsiprs.ceisveisisiwiers es se 6 35 18.42 11.58 ———-—- — 725.40 
TE oo Sich Gc Rao eR eee eee 36 18.13 11.87 Ss 713-53 
MIO Gike ereiels.s vo.> s ci ECO Ce een 37 17.84 12.16 SS 701.37 
crete Rte eraly leke)s Glace cis see 2 38 17.53 _ 12.47 ee as 688.90 
TOZO) bie. Bere sibiscnixterei ee Mein. 30 17.22 12.78 —_- Ss —— 676.12 
\ EOE) gcd Oe ae eee 40 16.90 13.10 —_ |» —— 663.02 
ROMO! icles « 5 COORG ESP Cn OO Fig a ORG 13.43 SSS SS 646.59 
ROM OMe titadiaters.o iohe ss cies BR acy 42 16.24 13.76 SSS SSS 635.83 
BGS: loc moc ogO8AD TOOD EC Ce eee 43 15.90 14.10 a 621.73 
TQMITS Pojenn.s, 9:05 6 (a) 35 6.0 44 15.54 14.46 SS 607.27 
Sa Te ps cic is iv. ee slaeye sie sien 45 15.18 14.82 —_- — 592.45 
HO Oe SS Re ee 46 14.81 15.19 ——_-  —§- —— 577.26 
ROA MM ete Cala fore lurvelfsd in'a:car susie axeleh 47 14.43 15.57 —-> 3Sss ———— 561.69 
ERAS IER lsc Bis oy arci ed mvaca oh ea 48 14.04 15.96 ———- — 545.73 
12 ON A, Geena SPs SOE 49 13.64 16.36 ——_-_- — 520.37 
FI A a aan eisie se so) ss pare ava eel wes Sin 50 13.23 16.77 —_—_ 512.60 


* The columns headed “Interest” and ‘Principal’ show the portion of each $30 amorti- 
zation installment applied on interest and principal, respectively. The amount taken for interest 
becomes less with each successive payment, while the amount on the principal increases each 
time. The balance column shows the debt remaining after each installment has been raid. 
It is entirely extinguished with the 72nd payment (36 years). 
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TABLE IV—Continued 


AmortTizaATIon Pian Usep spy FepEraL Lanp Banx 
Principal $1000 Rate 5% Semi-Annual Installments $30.00 Final Installment $46.58 


Amortization table 


Year due No. Interest* Principal* Date paid Initial Balance 
DOGG Seoete tar blot rneNene ciate cer 4 orkee We 51 12.81 17.19 —- 495.41 
OAS) te hw hilorcenate ee Mine Ai ais, eect 52 12.38 17.62 —_-_ —— 477.79 
POAC! vsnvevsdarsl steve opr metdriecs ware apres 53 II.94 18.06 ——_ —- —— 459.73 
MO4ZO! sarc.pis-cis ee P ee AE ates, «ovate 54 11.49 18.51 ——_ — —- —— 441.22 
TOA amos seirevern seen teal opeie sie e eure tennca 55 Z1,03 18.97 ——_ — 422.25 
NOY te aie as a ne ities eos Pec ee 56 10.56 19.44 ° —_ Ss —— 402.81 
ROM Sree teiretale eiernatems alatevert weeeennntas 57 10.07 19.93 —_ 1—— 382.88 
TOA GI ae ee teas, eneuslns teens speieray se lev e's eke 58 9-57 20.43 —_-_ — 362.45 
LO AO im ancrelaha ss says eoepe at aisle ates scous snlrats 59 9.06 20.94 ——- — 341.51 
OAC erie ne aha whe sree tyeyeietatatn cvele tats 60 8.54 21.46 —__—-— 320.05 
DONC iste ot eat aros Maren terial swans 61 8.00 22.00 —- C 298.05 
Gis Oats caicts wusvaretes sits ot eoeariezauameta adver: 62 7-45 22.55 —_ Ss —— 275.50 
AL QS ae eater thin ase cae saver mechs be sme arenes ce 63 6.89 23.05 —_- _- —— 252.39 
DGG D8 aera teusterereheretale orn hoarse anieeckeies 64 6.31 23.69 —_ Ss —— 228.70 
DORON Ce eM ee 65 5.72 24.28 es 204.42 
MOSS Vocssitarecls shel aia stasisenereiervln a 66 Bart 24.89 ——_. Ss ——— 179.53 
GIGS se labk ar tayeve tena topnaes Ria nie meshes cl 67 4.49 25.51 —=-_— s > 154.02 
Gols ee ee eno cate cain oe 68 3.85 26.15 —_  _—— 127.87 
MOG? seyagetane wc rshclareeines sana ca iar sas 69 3.20 26.80 ee 101.07 
BAGG Pde rca a) oe asinvatratw eile detach ean aere asctes 70 2153 27.47 —_ )S - —— 73.60 
ES Ge rents avers tots euolsiein ahak Ve meraney aie tole 71 1.84 28.16 ee 45.44 
HOIST HAE NE Gon tapenade Wotiora minis ih 1? 1.14 45.44 oe — 


* See footnote, p. 97. 
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TIGER BEETLE _ 
Cicindela repanda) 


h-humeral lunule 
m-median band 
a -apical lunule 


ieee brie TIGER BEETLES WITH A KEY 
eed ot eCiIES OF CICINDELA FOUND 
IN MINNESOTA 


R. W. Dawson 


Few groups of insects, aside from the butterflies, have proved so 
interesting and attractive to amateur students as the tiger beetles. 
This is particularly true of the type genus, Cicindela, which is the 
dominant or major one in the family. This brief review of the tiger 
beetles of Minnesota is offered in the hope that it may afford one of 
the early stepping stones for the development of an interest in the 
study of insects. 

The beginner, as well as the advanced student, finds the tiger 
beetles an attractive group for several reasons. They are neatly 
marked and beautifully, even gorgeously, colored. Their beauty, along 
with the ease and certainty with which specimens may be preserved 
in perfect condition, renders them more than usually satisfactory 
material for the building of a collection. 

The variety of forms is relatively large. Seventy-six species and 
102 varieties are at present cataloged for the United States and Canada. 
The recognition and correct separation of all these forms constitutes 
a challenge to the student, and herein lies the first absorbing interest 
in the tiger beetles. The pursuit of this taxonomic interest tends 
strongly to lead one into some of the great modern problems of biology, 
namely, ecology, genetics, and evolution, for only by the aid of these 
fundamental fields of study can one hope to settle the more difficult 
and obscure questions in classification. 

The frontispiece illustrates the generalized, or type, pattern of 
markings characteristic of the North American tiger beetles. The 
“idea” of this color pattern runs through the whole genus. The color 
design of all the species may be derived from this pattern by relatively 
simple modifications of its parts. These parts, as the plate shows, 
consist of the humeral lunule, median band, apical lunule, and marginal 
band. These elements show a homology almost as precise and definite 
as do the bones of a series of vertebrate animals. The evidence from 
homologies is one of the great categories of facts supporting the theory 
of evolution. That even such a superficial character as color markings 
should show definite homologies is a remarkable and interesting fact. 
To illustrate it the plate showing the elytra of the various local forms 
has been arranged as a graded series to show how the modifications 
may progress. The real relationships of the species and varieties are 
not shown by this character alone, and the plate, therefore, does not 
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reflect an evolutionary series, but shows the homologies of the color 
patterns, and aids in making identifications. 

In the days of Linnaeus, the first great classifier of plants and 
animals, the universally accepted idea was that species were separately 
or “‘specially”’ created, each distinct, fixed, and unchanging. Echoes 
of this idea still persist. It becomes, then, an item of peculiar interest 
that no group of common animals gives more striking and absorbingly 
interesting evidence bearing upon this question of the fixity of species 
than does the group of tiger beetles. Nearly every species has a valid, 
named variety, and sometimes several of them. Many of the varieties 
show every step of gradation in the transition from the one to the 
other ; and when some of the complete transitional series are assembled 
one is amazed at their range and at the definiteness with which the 
variations are correlated with seasons, habitats, and geographical 
distribution. 

The student of ecology may find much of interest in the tiger 
beetles. The plastic nature of ther colors and markings renders them 
peculiarly appropriate material for the study of variations induced by 
climatic and physical factors—temperature, moisture, light, soil types, 
and others. Ina general way, higher temperatures tend to reduce the 
strength (area) of the pale markings of the elytra, and lower tempera- 
tures tend to augment the pale markings. Similarly, brilliance of color 
is suppressed by moisture and brought to full expression by dryness, 
The segregation of the various species and varieties to particular soil 
types and moisture conditions is rather definite. 

Life histories and habits constitute another phase of the ecological 
aspect of the study. The species are all predacious, and are so active 
and aggressive in character as to well deserve the name “tiger” 
beetle. Any small creature, caterpillar, fly, ant, or even spider, is 
appropriate prey. The prey is fiercely pounced upon and devoured 
with avidity. The beetles are very nimble and agile, they run and hide 
with great facility and take wing upon slight provocation. 

The larvae, also, are predacious. They occur in the same local 
habitats as the adult beetles—clay banks, sand pits, sandy beaches of 
lakes and streams, roads, woodland paths, and bare spots of ground. 
For the most part they dig essentially perpendicular burrows in which 
to live, and secure their prey by resting at the top of the burrow. 
The flattened top of the head and front segment of the thorax nearly 
fill and close the mouth of the burrow. The unsuspecting insect pedes- 
trian is suddenly seized by the large, powerful jaws and dragged into 
the burrow to be devoured. The tiger beetle larva is protected by 
the armor on top of the flattened head and prothorax, and the victim : 
is at a complete disadvantage. The remainder of the larva’s! body, — 
which is protected by the walls of the burrow, is soft and delicate. 


Ce 


lepida Monitoba qenerosa Cuprascens leconte! hirticollis 
yepanda bucolica 12-quttata Fulgida kirby?  Tranqueborica 
limbalis qraminea aud aboni — splendida patruela b-quttata 


punctulata fongilabris  nebraskana unipunctota pusilla 
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A pair of dorsal prominences, or hooks, enables the larva more readily 
to maintain its strategic position at the top of the burrow. An inter- 
esting demonstration of these larvae and their burrows may often 
be had where they are common by standing quietly for a few minutes, 
then suddenly stamping upon the ground, or moving the arm so as to 
cast a wave of shadow across the bare ground. The sudden dropping 
of all the tiger beetle larvae from the mouths of their burrows seems 
magically to perforate the ground with numbers of sharply outlined 
round holes. After a few moments of quiet the holes unobtrusively 
disappear as they are “plugged” one after another by the heads of 
the occupants. 

The life cycle of Cicindela purpurea has been summarized by Shel- 
ford (5), at Chicago, as follows: Eggs are laid in May; larvae reach 
the last (third) stage in August, hibernate, begin to feed again in 
April, and pupate in July. The adults emerge in August, feed for a 
time, hibernate, and come out in the second spring, reach sexual ma- 
turity in the first warm days of April, and soon begin depositing eggs. 
Upon the completion of this function they die. - The larval life thus 
lasts from 12 to 13 months and the adult life 10 months. This makes 
a two-year life cycle. Criddle (1), at Aweme, Manitoba, finds that 


two years are required there for the larval development, and that» 


therefore three years are required for the life cycle. As the broods 
overlap, specimens are to be seen in essentially equal numbers every 
year. One of our common species, C. punctulata, apparently has an 
annual cycle in the region of Chicago. 

The depth of the burrows of tiger beetles and their larvae varies 
greatly, from a few inches to 6% feet, depending upon the species, 
temperature, moisture, and type of soil.. The deep burrows are for 
winter hibernation (recorded by Criddle, in Manitoba). 

Something of the interest that has long attached to this group of 
insects may be gleaned from the following quotation from Dow (2). 
“When the news reached London that Say had caught a tiger beetle 
an inch and one-half long, of a new genus, an enthusiast bid $300 
gold for the specimen, and Say accepted it. Both sides were quite 
satisfied, for as luck would have it, a second specimen was not captured 
until about twenty years later.” Again: The beautiful species C. 
limbata was lost to science for a number of years after Say described 
it. When rediscovered, specimens were so much in demand by col- 
lectors and students that several collecting expeditions were financed 
by the sale of specimens, until the world market was supplied. The 
“golden days” are past. There is no money in tiger beetles, but these 


incidents help one to realize the interest that has long centered upon 


these attractive insects. 
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KEY TO THE SPECIES OF MINNESOTA TIGER BEETLES 


. Front entirely bare (except for the few erect orbital bristles that are 
PEC SEMEM MEAS TIOCICS) uwen rersni tenia «Peele x Asia siawie dase ne coe e0l8 dv ebe ae 2 
iironteclothed s(atsleast sparsely), with’ NairS 2.5.5 Jnces sewer eee cree 8 
. Color brilliant green, blue, purple, or changeable green to blue and purple 3 
Color black, dull black, or at most with a bronzed or purplish sheen ..... 4 
. Immaculate or with traces of normal markings in the form 
of three white dots on each elytron................. sexguttata Fabricus 


Strongly marked, humeral and apical lunules 
interrupted at the middle but median band complete ................ 
sexguttata subsp. patruela Dejean 


. Front with a well-marked depression or dent between the eyes; depres- 


sion limited below by a distinct transverse elevation ..............- 5 
Front without a well-marked depression or dent between the eyes ...... 6 


. Surface luster duller, color brownish black; normal markings more or 


LEGS jwrelll TOCCATA GS Ree Spine toa esa Ee oe ener ete longilabris Say 
Surface shining black; pale markings suppressed .............-00ee eee 
Jongilabris var. nebraskana Casey 


. Sides of thorax and abdomen beneath thinly clothed with pale hairs ...... ap 


Sides of thorax and abdomen beneath bare; body above flatter than usual; 
color opaque black, showing a marked violet sheen under 
a hand lens; elytra with a mid-lateral pale spot ....wnipunctata Fabricius 


. Elytra with a row of large, metallic foveae or pits near the suture, and a 


short double. row of the same near the humeral angles. Color 

blackish above with more or less evident blue, green, or purple reflec- 

tions, and traces of normal pale markings; length 10-13 mm. ...... 
punctulata Oliv. 

Elytra without large, metallic foveae; color usually dull black with or 
without pale markings; size small, length about 10 mm. ...... pusilla Say 


. Antennae and legs pale testaceous; creamy white markings of elytra 


very broad, partially confluent, so that the prevailing color of the 

BIN eMGMGHESTNY SWINItE. site sias cA vo cncsioasatewncuinse'cuves lepida Dejean 
Antennae and legs dark, or brilliantly metallic; creamy white markings 

of elytra absent to very strong and bold, but never dominating the 


PemeiUMmeCO GaEtOne vor ithe VINSECts gran ac Gee Lene ese welhesonks va vsinnes 9 

9. Front, middle, and almost always hind trochanters, and sometmies tibiae 
Sy SO) OSS CSOUISS Ais eee wie ett ceo ice ee eR pe 10 
Legs without any testaceous coloring, entirely bright metallic like body ... 11 

10. Elytra brilliant cupreous, strongly and densely punctured, pale markings 
RSEMMECMIS MN LICUMA Gs Gitiesss s;srera oe arene te ela aeels es oor cuprascens Leconte 

Elytra less brilliant, bronzed. rather than cupreous, less strongly punc- 

iicimaKines narrower and less distinct 6.0... dsec.. sues cece > 
cuprascens var. macra Leconte 

11. Pale markings of elytra confined to an irregular submarginal band, 


I2. 


often more or less interrupted, and evidently formed by the 
coalescence of the lateral portions of the typical pale markings; 
color varying, dull cupreous to bronzed ...scutellaris subsp. lecontei Hald. 
Pale markings of elytra not confined to the sides in the form of an 
DETER? IDG oso acd bo tials USS Oe ee 12 
Sere telmcmlOmra DOVeNLed, eOLERM, 1Ol IACK miei ce see ss eevee re cee eee ale 13 
General color above dull brown, bronzed brown, or blackish brown; 
pale matings usually complete; or typical ........ 0.03. .00..c0ceee. 17 


13. 


14. 


I5. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


28 
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Smaller, slenderer species, length 11-12 mm.; color above in different 
individuals varying from a very brilliant light red to a deep blackish 


red. sitjrace, polished Mor shining). Vi... sess ee fulgida Say 
Larger, more robust species; length 13-15 mm.; surface less polished and 
Less so hinratin gt is cece ort wterciet aisrstereee aia ora eeitelas vs arene ei ae PUES a5. 14 


Head and pronotum brilliant green, blue, or purple 
in marked contrast to the red elytra; pale markings much reduced .... 
purpurea subsp. splendida Hentz 


Head and pronotum not colored in marked contrast to the elytra ........ 15 
Color uniformly black, except for traces of 

the typical) pale menkinosueey emcee ie purpurea var. audubom Leconte 
Color red or green, head and pronotum with coppery reflections .......... 16 


Green above, lateral margins of elytra with 
coppery reflections; median pale bland oblique and well marked ...... 
purpurea var. graminea Schpp. 
Red above; margins of elytra green or blue with traces of coppery 
reflections; pattern of pale markings often 
nearly: complete). <0 :kusmaecee in meee nmi purpurea subsp. limbalis Klug. 
Posterior third of humeral lunule bent abruptly inward and directed 
slightly forward; elytra with sides more bulging than usual and 


their’ apex more distinctly produced -..-..5....:.seeeeme hirticolis Say 
Posterior third of humeral lunule bent obliquely inward, never so abruptly 

as to. be directed anteriorly, .4.0.-c...-. + 4-2 ees ee eee 18 
Smaller> species; length 11-13 mms  ..%. 5202. ce Se 19 - 
Larger species, length. 13-19 mM. «li. a0. << to) 0 eee 21 


Markings slenderer, usually broken into dots, middle 
band usually not at all extended on the lateral margin ............ 
duodecimguttata Dejean 
Markings broader, usually not interrupted; median band more or less 
extended along the lateral margins of the elytra ................... 20 
Color dark brown; form relatively broader and shorter; pronotum rela- 
tively narrower in proportion to the width of the head; pale mark- 
ings stronger, middle band inore extended on the margin, 
approaching or even uniting with the humeral lunule ............ 
duodecimguttata subsp. repanda Dejean 
Color blackish brown; form relatively more elongate; pronotum broader 
in proportion to the width of the head; pale markings narrower, 
the median band less extended on the elytral margin, and not closely 
approaching the humeral lunule ...... duodecimguttata var. bucolica Casey 
Pale markings bold and heavy, broadly connected on the elytral margins 23 
Pale markings not connected Nateralliy ayes) e oie 22 
Bright bronze, thorax cupreous, lunule entire .......................- 
tranquebarica subsp. horiconensis Leng 
Dull bronze, markings heavy, humeral lunule 
very long, almost touching the median band ...................... 
tranquebarica subsp. kirbyi Leconte 
Darker, more blackish brown, markings narrower, humeral lunule shorter 
tranquebarica Hbst. 
Elytral markings exceptionally strong and bold; 
pale hairs somewhat more densely placed and more conspicuous .... 
formosa race manitoba Leng 
Elytrall markings less strongly developed; pale 
hairs less dense and conspicuous ........ formosa subsp. generosa Dejean 


NOTES AND RECORDS ON THE TIGER 
BEETLES OF MINNESOTA 


WALTHER Horn 
Deutsches Entomologisches Institut, Berlin-Dahlem, Germany 


The Division of Entomology and Economic Zoology, University 
of Minnesota, was kind enough to send me for study the material of 
the Cicindelidae of the world belonging to their insect collection. As 
the fauna of Minnesota is especially: well represented in this lot, I 
give herewith a list of them. I have added some species not repre- 
sented in the material sent to me, but known to me as occurring in 
Minnesota. 

1. Cicindela formosa subsp.. generosa Dejean 

Localities represented: Anoka County, Fridley sand dunes, June 1, 
1922 (Wm. E. Hoffmann) ; Anoka County, Fridley sand dunes, July 
14, 1922 (A. A. Nichol) ; Anoka County, Fridley sand dunes, August 
8, 1922 (C. Johnson); Hennepin County, May 24, 1920 (Wm. C. 
Cook); Ramsey County, New Brighton, June 30, 1922 (C. E. 
Mickel) ; Ramsey County, July 13, 1910; Scott County, Barden sand 
dunes, July 29, 1923 (R. W. Dawson); Scott County, dunes near 
Jordan, August 1 (Wm. E. Hoffmann); Scott County, sand dunes, 
August 25, 1922 (A. A. Nichol); Washington County, August 13. 

2. Cicmdela formosa race manitoba Leng 

The following specimens are intermediate in form, more or less 
related to the Canadian race “manitoba Leng :” 

Localities represented: Anoka County, Fridley sand dunes, August 
8, 1922 (C. Johnson) ; Scott County, Barden sand dunes, August 25, 
1922 (C. E. Mickel) ; Scott County, Jordan sand area, July 23, 1923 
(H. H. Knight); Ramsey County; Scott County, Barden sand dunes, 
July 29, 1923 (R. W. Dawson). 

: ~3. Cicindela purpurea Olivier 

Localities represented: Clearwater County, Itasca Park, August 
15-30, 1921 (H. L. Person) ; Clearwater County, Lake Itasca, May 
27, 1911; Clearwater County, Lake Itasca, June, 1911; Ottertail 
County, May 24; Ramsey County, St. Anthony Park, St. Paul, May 
to, 1909; St. Louis County, Tower. 

4. Cicindela purpurea var. auduboni Leconte 
The black form, auduboni Leconte 1856 (!) = spreta Leconte 
1856 (!) is represented by one specimen from Ramsey County. 
5. Cicindela purpurea var. graminea Schpp. 
The greenish form, auduboni Leconte 1845 (!) = graminea Schpp. 
| 1883/4 is represented by one specimen from Ramsey County, 1917. 


ede 
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6. Cicindela purpurea subsp. splendida Hentz 

This species is known to me from an unrecorded locality in the 
state of Minnesota. 

7. Cicindela purpurea subsp. limbalis Klug. 

Localities represented: St. Louis County, Duluth; Clearwater 
County, Itasca Park, June 12, 1914; Itasca County ; Clearwater County, 
Itasca Park, August 15-30, 1921 (H. L. Person); Norman County, 
March 30; Ottertail County. 

8. Cicindela duodecimguttata Dejean 

Localities represented: Renville County, Bird Island, August 25, 
1921 (Wm. E. Hoffmann) ; Clearwater County, Itasca Park, August 
15-30 (H. L. Person); St. Louis County, August 13, 1910. 

9. Cicindela duodecimguttata var. bucolica Casey 

In this variety the single lunules are not interrupted (bucolica 
Casey = edmontonensis Carr.). 

Localities represented: Anoka County, June 5, 1920; Lake County, 
Baptism Creek, August 21, 1920 (H. H. Knight); Lake County, 
Bengal, August 18, 1922 (H. H. Knight); Big Stone County, July 
20, 1911; Renville County, Bird Island, August 25, 1921 (Wm. E. 
Hoffmann) ; Cook County, Cascade River, August 14 (H. H. Knight) ; 
Hennepin County, Crystal Lake, July 30, 1921 (A. T. Hertig and 
H. H. Knight); Rice County, Faribault, June 20, 1922 (Wm. E. 
Hoffmann) ; Hennepin County, July 6, 1910; Hubbard County, N. E. 
corner Itasca Park, August 22, 1922 (Wm. E. Hoffmann); Clear- 
water County, Itasca Park, July 1-13, and August 4-30, 1921 (H. L. 
Person) ; Lesueur County, Fish Hatchery, July 22, 1923 (Sam Kep- 
perley) ; Lesueur County, July 25, 1922 (R. R. Holland); Nicollet 
County, September 7, 1923 (Wm. E. Hoffmann) ; St. Louis County, 
August 27, 1910; Nicollet County, St. Peter, Fish Hatchery, August 
II, 1923 (Sam Kepperley) ; Chisago County, Taylors Falls, August 
5, 1922 (H. H. Knight) ; Wilkin County, August 14, 1912. 

10. Cuicindela duodecimguttata subsp. repanda Dejean 

Localities represented: Anoka County, August 9, 1920 (H. H. 
Knight) ; Beltrami County, August 9, 1910; Renville County, Bird 
Island, August 25, 1921 (Wm. E. Hoffmann); Hennepin County, 
Crystal Lake, July 30, 1921 (A. T. Hertig) ; Hennepin County, April 
22, June 10, and July 6; Hennepin County, Lake Independence, July 
30, 1918; Hennepin County, May 24, 1920 (Wm. C. Cook) ; Houston 
County, June 15, 1910; Clearwater County, Itasca Park, July 1-13, and 
August 15-30, 1921 (H. L. Person); Washington County, Newport, 


July 18, 1922 (C. E. Mickel); Steele County, Owatonna, Straight . 


River, June 22, 1922 (Wm. E. Hoffmann) ; Ramsey County ; Ramsey 
County, Battle Creek, May 20, 1922 (C. E. Mickel) ; Ramsey County, 


June 25, 1921 (H. H. Knight) ; Sibley County, river near Blakeley, July — 
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17, 1922 (Wm. E. Hoffmann); Ramsey County, St. Anthony Park, 
Sit apr ze, Nicollet County, St. Peter, July 20, 1922 (A. T. 
Hertig) ; Nicollet County, St. Peter, near Fish Hatchery, August 11, 
1923 (Sam Kepperley). 

11. Cicindela hirticollis Say 

Localities represented: Ramsey County, Gray Cloud Island, July 
12, 1921 (Wm. E. Hoffmann). 

12. Cicindela tranquebarica Hbst. = vulgaris Say 

Localities represented: Scott County, Barden sand dunes, August 
25, 1925 (C. E. Mickel) ; Renville County, Bird Island, August 25, 
1921 (Wm. E. Hoffmann) ; Clearwater County, Itasca Park, August 
15-30, 1921 (H. L. Person); Clearwater County, Lake Itasca, May 
25, June 3, 1914 (on sand heap, running), June 21, and August 12; 
Ottertail County, May 24; Cass County, Pillager, September 14, 1918 
(V. R. Haber) ; Ramsey County, Gray Cloud Island, July 12, 1921 
(Wm. E. Hoffmann); Scott County, sand dunes, August 25, 1922 
fee ichol); Scott County, Shakopee, June 10, 1922 (C. E. 
Mickel) ; St. Lou's County, Tower. 

13. Cicindela tranquebarica subsp. kirbyi Leconte 

The following specimens are intermediate in form, the middle band 
is enlarged near the lateral border (more or less resembles subsp. 
kirbyi Leconte). 

Localities represented: Clearwater County, Itasca Park, August 
15-30, 1921 (H. L. Person) ; Clearwater County, Lake Itasca, May 1; 
Ottertail County, August 21; Scott County, sand dunes, August 25, 
1922 CA. A. Nichol). 

14. Cicindela tranquebarica subsp. horiconensis Leconte 

This subspecies is known to me from an unrecorded locality in the 
state of Minnesota. 
15. Cuzcindela longilabris Say 

Localities represented: Lake County, Baptism Creek, August 21, 
1920 (H. H. Knight) ; Lake County, Bengal, August 18, 1922 (H. H. 
Knight) ; Carlton County, May 20, 1911; Cook County, Cascade River, - 
August 14, 1922 (H. H. Knight); St. Louis County, Duluth; Clear- 
water County, Itasca Lake, June 27, 1911; Clearwater County, Itasca 
Park, August 15-30, 1921 (H. L. Person) ; Lake County, Kawishiwi 
River, August 30, 1919 (H. H. Knight) ; Roseau County, Clear River, 
June 29, 1920. 

16. Cicindela var. nebraskana Casey 

Blackish specimens without or almost without pattern. 

Localities represented: Clearwater County, Itasca Lake, June 8, 
1914; Crow Wing County, Nisswa, July 6, 1922 (Wm. E. Hoffmann). 
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17. Cicindela fulgida Say 

This species is known to me from an unrecorded locality of the 
State of Minnesota. 

18. Cuicindela scutellaris subsp. lecontei Hald. = 
modesta Dejean 1825 (!) 

Localities represented: Hennepin County; Ottertail County; Hen- 
nepin County, Fort Snelling, High Prairie, April 29, 1921 (R. N. 
Chapman). 

19. Cicindela sexguttata Fabricius 

Localities represented: Hennepin County, basswood-maple forest, 
July 21, 1922 (A. A. Nichol) ; Ramsey County; Ramsey County, St. 
Anthony Park, St. Paul, June 1, 1921 (H. H. Knight) >) Nicomes 
County, St. Peter, Fish Hatchery, July 22 (Wm. E. Hoffmann) ; 
Chisago County, Taylors Falls, June 23, 1920 (B. Kienholz). 

20. Cicindela sexguttata subsp. patruela Dejean 

The following Minnesota records were generously furnished by 
Professor Myron H. Swenk, Department of Entomology, Univer- 
sity of Nebraska. 

Localities represented: Crow Wing County, Pelican Lake, Nisswa, 
July 14, 20, 22, 23, 27, 28, and 30, 1912, and August 10 and 11, 1912 
(L. Bruner). 

21. Cuicindela punctulata Olivier 

Localities represented: Freeborn County, Albert Lea, July 10, 1923 
(P. L. Keene); Anoka County, Fridley sand dunes, July 14, 1925 
(C. E. Mickel) ; Hennepin County, July 6, 1910; Clearwater County, 
Itasca Park, August 4-30, 1921 (H. L. Person); Chisago County, 
North Branch, August 6, 1922 (Wm. E. Hoffmann) ; Scott County, 
dunes near Jordan, August 1, 1922 (Wm. E. Hoffmann) ; Hennepin 
County, Fort Snelling, August 27, 1924 (Allen McIntosh) ; Ramsey 
County, St. Anthony Park, St. Paul, August 1, 1920 and July 9, 1921 
(H. H. Knight); Ramsey County, St. Paul, July 11, 1925, at light 
{Sam Kepperley). 

22. Cicindela pusilla Say 

Localities represented: Chisago County, July 16, 1914; Hennepin 
‘County ; Ottertail County ; Ramsey County ; Red Lake County, August 
1, 1923. (C, Ey Mickel). 

23. Cicindela unipunctata Fabricius 

This species is known to me from an unrecorded locality of the 
State of Minnesota. 

24. Cicindela cuprascens Leconte 

This species is known to me from an unrecorded locality of the | 
State of Minnesota. 
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25. Cicindela cuprascens subsp. macra Leconte 

Localities represented: Scott County, Jordan sand area, July 13, 
1923 (H. H. Knight) ; Ramsey County, Gray Cloud Island, July 12, 
1921 (Wm. E. Hoffmann). 

26. Cicindela lepida Dejean 

Localities represented: Anoka County, Fridley sand dunes, August 
3-8, 1924 (R. W. Dawson) ; Anoka County, Fridley sand dunes, July 
14, 1922 (A. A. Nichol) ; Scott County, Jordan sand area, July 13, 
1923 (H. H. Knight). 

In addition to the species listed above there are two others: Cicin- 
dela lengi W. H. (= venusta Leconte) and C. limbata Say, which 
might occur in the state, altho there are no known records of these 
species from Minnesota. 

Considering this group of species as a whole, there are three 
features of general interest: (1) All the forms belong to groups in 
which the four anterior trochanters bear so-called “fixed” hairs (W. 
Horn [3] in Wytsman’s Genera Insectorum, Cicindelinae, 1908-15, p. 
214). (2) Ii the Minnesota forms are compared with all of the 
Cicindelidae of the United States, or with those of the United States 
and Mexico, it will be noticed that all the Minnesota forms belong 
to groups in which the upper side of the head and pronotum bear 
bristles or hairs. I do not believe this is accidental, but think it may 
be a characteristic feature of the species found in northern localities. 
(3) The group of species represented here is a very restricted one, in 
my opinion, characteristic of northern regions. 
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Tree volume tables for black spruce, Picea mariana, baced 012 
data collected in Minnesota are not available. Black spruce is 
found in many swamps in the northern part of the state and is in 
great demand for pulpwood. The need for volume tables to esti- 
mate these stands has long been apparent. 

The harvesting of a black spruce stand on the Cloquet Forest 
Experiment Station offered an opportunity for the necessary 
measurements for the preparation of such tables. This was a 
pure stand between 100 and 110 years old one foot from the 
ground. In general, it was similar to many black spruce stands 
occurring in swamps of northern Minnesota. 


FIELD METHODS 


Tree Measurements 


The tree measurements upon which the volumes in the tables 
are based were taken during the winter of 1928. The diameters 
outside of bark were measured by means of calipers at one foot, 
2, 3, 4.5, 9.15, 12, 17.3 feet above ground and at 8.15-foot inter- 
vals above the last measurement. Two diameters at right angles 
were measured at each point. Diameters inside the bark were 
obtained by measuring the bark thickness with a Swedish bark- 
measuring instrument. These diameter measurements were plot- 
ted directly in the field on U. S. D. A. Forest Service Tree 
Measurement Form 558a. 


Cordwood Measurements 
To obtain the solid contents of stacked pulpwood for con- 
verting the volume in cubic feet to volume in cords, trees were 
cut into’ 8-foot bolts and piled in 2x8x8-foot ricks. Six stacks 
of this size, the equivalent of six standard cords, were measured. 
The diameter outside of bark at the middle of each bolt was 


1 The study was carried on in co-operation with the Lake States Forest 
Experiment Station, | 


measured with calipers and the length was measured with a tape. 
Bark thickness was measured with a Swedish bark-measuring 
instrument. The diameter breast high of the tree from which 
each bolt was taken was recorded with each bolt measurement. 


METHOD OF COMPILATION 


Volume Tables 


The volume in cubic feet of each tree was obtained by the 
planimeter method. The tables were made from these volumes 
by the alinement chart method.” For making cubic foot volume 
tables, this method consists in modifying the scale graduations of 
a cylinder volume alinement chart so the graduations represent 
the actual tree volumes. é 


Reliable volume tables can be made by this method with 
comparatively few trees, since the entire sample of data is used 
as the basis of a single curve. This curve usually approximates 
a straight line. Reliable extensions can therefore be made beyond 
the limits of the data. 


Cordwood Converting Factors 


To obtain the cordwood converting factors, the solid contents 
of each cord was determined by computing the volumes of the 
bolts by Huber’s formula and totaling them.* These figures were 
analyzed to see whether the solid contents of a cord varied with 
a change in tree diameter. No relation was evident in the data, 
probably because of the limited range of diameters in the stand 
and the small number of stacks measured. 

The average bolt diameter, solid contents, and number of bolts 
per cord (Table I) obtained from the six cords were then com- 
pared with similar data obtained by H. L. Churchill* for Adi- 
rondack spruce, to see if these figures could be applied to black 
spruce. The comparison showed a difference in solid contents 
and number of bolts of less than 1.5 per cent. This difference 
could easily have resu‘ted from slight differences in piling. The 
converting factors for Eastern spruce, in combination with the 


2 Bruce, D., and Reineke, L., of the U.S.D.A. Forest Service, private 
communication. 


8 Volume in cubic feet is equal to the sectional area at the middle of 
the bolt in square feet multiplied by the length in feet. 


4 Chapman, H. H. “Forest mensuration.” Table XXIV, p. 131. 1924. 


average middle diameters of 8-foot bolts for trees of different 
sizes obtained from the original tree measurements, were there- 
fore used to obtain the converting factors based on tree diameter. 
(See Table VI for the converting factors.) 


TABLE I 


AveraGE DiamMeTER Breast HicH oF Trers, Bott DIAMETER, AND CONTENTS 
cr Srtx Corps* or BLack Spruce PuLtpwoop, CLoguet, MINNESOTA 


Solid } 
Bolt 4-foot contents percord | 
D.B.H. Trees diam. bolts ———_—_———_—— Basis 
per cord with per ! Wood cords 
bark+ cord Wood | and bark 
in. in. cu. ft. 
6.5 14.5 5.6 121 75 | 84 | 6 


* Stack 2x8x8 feet, one-half double cord, or the equivalent space of a 
standard cord. 
7 Middle diameter. 


The volumes in cords in Table VI were obtained by dividing 
the merchantable volumes in Table V by these converting factors. 


Precision of Compilation 


To determine how closely the volume tables represent the 
volumes of the trees from which the tables were made, the aver- 
age deviation and aggregate difference in per cent were computed 
for each table. The average deviation in per cent is the average 
difference between each tree volume and the corresponding table 
volume expressed as a percentage of the average table volume. 
For these tables, the average deviation is less than 5 per cent. 
In other words, the individual tree volumes differ on an aver- 
age from the table volumes by this percentage. The aggregate 
difference in per cent is the difference between the total of the 
actual tree volumes and the total of the corresponding table 
volumes as a percentage of the total of the table volumes. In 
the case of each table this error is less than 0.1 per cent. The 
specific percentages will be found in the footnotes of each table. 
These percentages show that the tables represent very closely the 
tree volumes from which they were made. 


TABLE II 


BLACK SPRUCE 
(Picea monana) 


PreLtep TotaL Stem Volume* 


R. M. Brown Minnesota I. Taylor 
R. Knudson 1928 T. Lotti 


Total height of tree—feet 


Dir meter breast high 30 35 | 40 | 45 | 50 | 55 | 60 | 65 Basis 


|riiensal Dee 
Inches Volume—cu. ft. Trees 
[ote Lae User 4 
1.3 : 1.8 2.0 2c2 tS a 18 
2.1 2.4 2.8 3.1 3.4 3.8 |. 16 
eae 3.5 3.9 4.4 4.8 5.3 20 
: 7.0| 7.6] 8.2 19 
: 9.0} 9.7] 10.5 10 
11.0 | 12.0 | 13.0 4 
13.5) | 14.5") 16 sO 
160: }, 07.50) TSO 
19.0°| 20.5 | 22.0)... 
IBaBiS ee ee aa 1 2 8 12 22 21 19 6 91 


* Volume includes stump, stem, and top without bark. 

Data collected in 1928 by I. Taylor and T. Lotti. 

Block indicates the range of basic data. 

Average deviation of individual tree yolumes from tab‘'e volumes, 
nie 4-45 per cent. 

Difference between sum of basic voiumes and sum of corresponding 
table volumes, 0.02 per cent of table volumes. 


TABLE III 
BLACK SPRUCE 
(Picea mariana) 
UnpEELED TotaL STEM VOLUME* 


R. M. Brown Minnesota I. Taylor 
R. Knudson 1928 T. Lotti 


Total height of tree—feet 


Diameter breast high 30 | 35 | 40 45 | 50 55 60 65 Basis 


Inches Volume—cu. ft. Trees 


WS RSIN G2 -oste ee ose ts, 1 2 8 12 22 21 19 6 91 


* Volume includes stump, stem, and top with bark. 

Data collected in 1928 by I. Taylor and T. Lotti. 

Block indicates the range of basic data. 

Average deviation of individual tree volumes from table volumes, 
+ 3.7 per cent. 

Difference between sum of basic volumes and sum of cor:esponding 
table volumes, 0.05 per cent cf table volumes. 
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TABLE IV 


BLACK SPRUCE 
(Picea mariana) 


PEELED MERCHANTABLE VOLUME* 


R. M. Brown Minnesota I. Taylor 
Rk, Knudson 1928 T. Lotti 


Total height of tree—feet 


Diameter breast high 30 | 35 | 40 45 50 | 55 | 60 | 65 Basis 


Inches Volume—cu. ft. Trees 


* Volume includes the stem without bark above a 1-foot stump to a 
3-inch top diameter inside of bark. 

Data collected in 1928 by I. Taylor and T. Lotti. 

Block indicates the range of basic data. 

Average deviation of individual tree volumes from table volumes, 
+ 4.6 per cent. 

Difference between sum of basic volumes and sum of corresponding 
table volumes, +0.04 per cent of table volumes. 


TABLE V 


BLACK SPRUCE 
(Picea mariana) 


UNPEELED MERCHANTABLE VOLUME* 


R. M. Brown Minnesota I. Taylor 
R. Knudson 1928 T. Lotti 


Total height of tree—feet 


Diameter breast high 30 35 | 40 45 50 | 55 60 65 Basis 


Inches Volume—cu. ft. Trees 


* Volume includes the stem with bark above a 1-foot stump to a 3-inch 
top diameter inside of bark. 

Data collected in 1928 by I. Taylor and T. Lotti. 

Block indicates the range of basic data. 

Average deviation of individual tree volumes from table volumes, 


+ 4.4 per cent. Y 
Difference between sum of basic volumes and sum of corresponding 


table volumes, 0.01 per cent of table vo'umes. 


TABLE VI 
BLACK SPRUCE 
(Picea mariana) 


UnrEELED MERCHANTABLE VOLUME* 
(Standard cords, 4*4X8 ft.) 


R. M. Brown Minnesota I. Taylor 
R. Knudson 1928 T. Lotti 
Cord- 
Total height of tree—feet wood 
Con- 
Diameter breast verting 
high 30 35 40 45 50 55 60 65 Basis | Fac- 
tors 
Inches Volume—cords Trees | cu. ft. 
.014 | .018 | .022 18 78 
.027 | .032 | .035 16 82 
| .039 | .046 | .052 20 84 
SC Bacast .062 | .069 19 86 
.078 | .087 | . ‘ : 10 87 
oh, LOS 120) 2130) AOR EDS 4 88 
-130)] .145 | 7155 | 2175 89 
Boao | Rah Olt LOO) e205: 90 
| ROE REA Reg | rem Lied Be eevee, Fl [nee Ste 200 220 | .240 2600 ees 90 
Basis... 7 12 22 21 19 6 87 


* Volume includes the stem with bark above a 1-foot stump to a 3-inch 
top diameter inside of bark. 

Vo‘umes computed from unpeeled merchantable, table by dividing by the 
conyerting factors given in the last co'umn of the table. 

Data collected in 1928 by I. Taylor and T. Lotti. 

Block indicates the range of basic data. 

Average deviation of individual tree volumes from table volumes, 
+ 4.4 per cent. 

Aggregate difference, 0.01 per cent. 


PRECAUTIONS TO BE TAKEN IN THE APPLICA- 
TION OF THE TABLES IN TIMBER 
ESTIMATING 


The following precautions must be observed in the applica- 

tion of any volume table. 
Applicability Check 

The failure of the average volumes of given diameter and 
height classes of a volume table to correspond with the average | 
volumes of the trees of the same sizes in the stand to be estimated 
is a common source of error in timber estimating. A volume 
table based on tree volumes from one locality should never be 


applied to stands in another locality before it has been checked 
against tree volumes obtained from the stands to be estimated. 
This comparison of the table volumes with the actual volumes 
of the trees in the stand to be estimated is known as the appli- 
cability check. 

The procedure in making this check is as follows:' 

“In checking the applicability of volume tables, a rela- 
tivety small number of trees may be used. If their aggre- 
gate difference and average deviation from the table be 
calculated, the test for satisfactory accuracy is: 

“(1) An average deviation of the same order of mag- 
nitude as that of the basic data on which the table was 
prepared. 

“(2) An aggregate difference which does not exceed two 
times this average deviation (a.d.) divided by the square 
root of the number (n) of the trees used in the test.” 

Algebraically this may be written as follows: Aggregate 


.d. 
difference of test sample should be equal to or less than glad) 


Vn 
Where a.d. is the average deviation of the table to be tested (for 
these tables use 4 per cent) and n is the number of trees in the 
test sample taken in the stand to be estimated. 

The method of making the applicability check can best be 
illustrated by an example. 

1. In the black spruce stands to which the tables are to be 
applied, obtain diameter measurements inside and outside of the 
bark on not less than 15 trees. The diameter breast high and the 
total heights of the test trees should cover the range of heights 
and diameters and also the range of volumes of the trees in the 
stand. Measure the diameters at the points given under tree 
measurements on page 3. Record on U. S. D. A. Form 558 when 
possible. 

2. Compute the unpeeled total stem volume in cubic feet, 
preferably by the planimeter method, or by the conventional 
formula method. 

3. Tabulate the diameter breast high (D.B.H.), total height, 
and actua! tree volume as shown in Table VII. 


5 Committee Report. Method of preparing volume and yield tables. 
Jovr. For. 24, pp. 653-666. 1926. 
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TABLE VII 
Test SampLe ItLustratinG MetHop oF MAKING APPLICABILITY CHECK 


‘ne DEH. Pn, Unpeeled total’ volume ieee 
No. height Actual Tabular 
in, 1a, Cubic feet Cubic feet 

I 9.3 63 15.6 15.2 0.4 
2 6.5 58 6.8 VRC 0.4 
3 7.3 62 9.6 9.5 0.1 

4 8.6 56 12.0 11.8 0.2 

5 5-9 54 5-5 5.6 Os 

6 6.3 56 6.9 6.6 0.3 

7 4.0 42 2.0 2.1 O.1 
8 7.8 54 9.5 9.4 0.1 

9 7.0 58 8.0 8.2 0.8 
10 6.6 52 6.6 6.7 0.1 
II 8.9 63 1307, 13.9" 0.2 
12 8.6 66 14.0 Iga, 0.5 
13 4.7 52 Bey, 3.6 O.1 
14 8.1 58 10.7 10.7 0.0 
15 VRE 60 8.8 9.0 0.2 
16 sue 52 5.1 4.8 0.3 
Total a6 Bot 138.5 137.8 3-9 

Aggregate difference = 100 Sepa e ie 0.5 per cent. 
137.8 
ie (3.9) 
Average deviation = 100 = 3 per icent. 
137.8 


4. For each tree in the test sample, determine the tabular 
volume (unpeeled total stem volume) corresponding to the actual 
diameter, to the nearest tenth of an inch, and the actual height 
to the nearest foot. This can most easily be done by using the 
volume table in alinement form, Figure 1. The volume of a 
tree of given diameter and height can be read very easily by plac- 
ing a transparent straight edge across the axes as illustrated by 
the dotted line, ie., the unpeeled total stem volume of a tree 9.3 
inches in diameter breast high and 63 feet in height is 15.2 cubic 
feet as read from the volume axis. 

5. Compute the aggregate difference of the trees in the test 
sample as follows: Take the difference between the sum of the 
tree volumes and the sum of the tabular volumes and express this 
as a percentage of the sum of the table volumes. This aggregate 
difference or percentage of error should be less than the value 


ae )is 
determined by the formula honed): In the assumed test sam- 
n 
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Fig. 1. Alinement Chart Volume Table. Unpeeled Total Stem Volume— 
Cubic Feet 


The dotted line illustrates the method of reading the volume for a 
given D.B.H. and height. 
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ple the total volume of the sixteen trees is 138.5 cubic feet and the 
total of the corresponding volumes read from the chart is 137.8 
cubic feet. The volume table therefore underscales the actual 
tree volumes by 0.5 per cent of the sum of the table volumes. 
The aggregate difference of the test sample is therefore 0.5 per 
cent and in this case is less than the value (2 per cent) obtained 


2) 
from the formula = ; 
VI 


: 8 
When checking these tables use the formu'!a —= 


n 

6. Compute the average deviation of the volumes of the trees 
in the test sample as follows: Take the difference between each 
actual and each tabular volume as shown in the last column in 
Table VII. Total these differences, regardless of sign, and ex- 
press this total as a percentage of the sum of the table volumes. 
This is the average deviation in per cent which should be approxi- 
mately equal to or less than the average deviation (4 per cent) 
of the table for a satisfactory check. ‘The average deviation of 
the test sample, taken as an illustration, is computed by express- 
ing the sum (3.9 cubic feet) of the differences as a percentage 
of 137.8 cubic feet. This is an average deviation of 3 per cent, 
which is less than the average deviation of the volume table. 

The applicability check of the assumed test sample shows 
that the volume table scales the volumes of the trees in the sam- 
ple within the accepted limits of error. The average deviation 
of the sample was also found to agree with that of the table. 
One would conclude, therefore, that these tab!es are suitable with 
out correction for estimating the stand of black spruce from which 
the assumed sample was taken without introducing an error due 
to the inapplicability of the volume tables. 


METHOD OF CORRECTING THE TABLE IF THE 
VARIATION EXCEEDS THE ACCEPTED. LIMITS’ 


If the applicability check shows that the average deviation 
and aggregate difference in per cent exceed the accepted limits, 
the tables may be corrected as follows: Group the tabular volumes 
in one-foot volume classes, ie., all trees having a table volume 
from 0 to 1.9 are paced in the one-foot volume class; those from 
2.0 to 2.9 are. placed in the two-foot volume class, etc. For each 


6 This procedure is a step in the alinement chart method of making 
volume tables. 
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class compute the average tabular volume and the average of the 
corresponding test-tree volumes. When a sample containing 15 
trees is used, grouping is not necessary. On logarithmic cross- 
section paper plot the average actual tree volumes over the cor- 
responding average table volumes. (Fig. 2.) Balance a curve 
or straight line’ in among these averages, and from this curve read 
the corrected volume for each volume found in the uncorrected 
table. For example, the corrected volume for a 6-inch 50-foot 
tree would be read from the above curve over a table volume on 
the horizontal axes of 5.4 cubic feet, i.e., the volume of a tree of 
that size found in Table III. (See dotted line in Fig. 2.) 

The corrected peeled total and merchantable volume tables 
can be obtained from the uncorrected unpeeled total stem volume 
table by a similar procedure. Compute the peeled total stem and 
merchantable volumes for each tree in the test samp!e. By a 
procedure similar to that above classify, average, plot, and curve 
each series of volumes on the basis of the uncorrected unpeeled 
total stem volume. To insure consistent results between inside 
and outside bark volumes and between total and merchantable 
volumes these curves should he compared with each other by 
percentages. From this series of curves, read the corrected 
peeled total and merchantable volumes. The corrected volume 
table in cords can be obtained by dividing the corrected unpeeled 
merchantable volumes in cubic feet by the converting factors given 
in the uncorrected table. 


Merchantable Limits 


When the merchantable volume tables are used in estimating, 
allowances should be made if the top cutting limits in the table 
do not agree with the limits to which the trees will be cut. 


Deductions for Defect 


No deductions for defect have been made in these tables. 
In applying them, deductions should be made to obtain the net 
volume. 


Volume of a Single Tree 


The average volumes given in a volume table represent a series 
of volumes that differ one from another. These differences are 
compensating only when a-table is applied to a relatively large 


7A straight line through the origin (1.1) at 4s degrees indicates that 
no correction is necessary. 


Gnpeeled #o7%a/ stem volume of fest trees —Cu Fh 


“96 15 20 30 405060 GO/00 /5 20 G0 405060 80/00 
lable unpeeled total stem volume -Cubse Feer 
Fig. 2. Method of Adjusting Volumes in Tables by Means of Volumes of 


Test Trees 


The dotted line illustrates the method of reading the corrected volume: 
for a 6-inch s50-foot tree. (The closeness with which the line approaches a 


45-degree line through the origin shows that a correction is not necessary 
in the example cited.) 


number of trees in a stand to which the table is applicable. The 
average deviation indicates that the volume of a single tree, taken 
at random in a stand to which the tables are applicable, may differ, 
on the average, from the table volumes by 4 per cent. In some 
instances the volume of a single tree may vary from the table 
volumes by as much as 15 per cent. For these reasons, the volume 
of a single tree can not be accurately determined by these volume: 
tables. 

If the above precautions are taken and the tables are checked 
and adjusted when necessary they can be used to estimate black: 
spruce stands under any conditions. 
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POTATO BREEDING METHODS II 
SELECTION IN INBRED LINES’ 


F. A. Krantz anp A. E. HutcHins 


INTRODUCTION 


The amount of potato breeding work in progress in America is 
much less than that of other important food crops. This neglect exists 
in spite of serious defects in the important commercial potato varieties. 
The early types will illustrate this condition. Bliss Triumph, owing 
to its red tuber color and its limited climatic adaptability, is restricted 
in production to special regions and in consumption to certain markets. 
Furthermore, great difficulty is experienced in maintaining seed stocks 
of this variety free from virus diseases. Irish Cobbler has deep 
eyes with a consequent inconvenience in peeling and waste in utiliza- 
tion; a condition that is a trial to the housewife and should not exist. 
Early Ohio has a tendency to form knobs and growth cracks when 
growing conditions vary slightly throughout. the season. This fre- 
quently results in serious economic losses to the growers. The Amer- 
ican grower who desires to produce early potatoes, or who finds quick 
maturing varieties more desirable for his conditions, is limited to a 
choice of these three varieties. 

Two late maturing varieties, Green Mountain and Rural New 
Yorker No. 2 and their prototypes, comprise the bulk of the main crop 
in the United States. They are the best adapted to Minnesota of the 
late maturing sorts. This fact is attested to by the results of tests 
in different parts of the state in the last fifteen years, and also by the 
fact that they have displaced the other late maturing types. These 
late varieties, however, are not adapted to some of the important 
potato growing regions of Minnesota, and most of the growers in 
these regions, particularly in the Red River Valley, are using one of 
the early varieties for their main crop. 

Another indication of the lack of adaptability is the low average 
yields obtained in comparison with those in other regions in the United 
States. These low yields are not due to lower soil fertility or to less 
efficient methods of production. They are due to climatic limitations. 
The growers have partly offset these low yields by increased efficiency 
in methods of production, until the cost of production per bushel is 
lower in Minnesota than in other states. The cost of production per 

1 The potato breeding work here reported was conducted at University Farm, St. Paul, 
and the Northeast Experiment Station, Duluth, Minnesota. The writers wish to express their 


appreciation to Superintendent M. J. Thompson of the Northeast station for aid and co- 
operation during the progress of the work. 
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acre would not be materially increased by growing an adapted type 
whose yield would be comparable to that in other regions of the country. 

The varieties now grown in Minnesota originated in the eastern 
part of the United States and were probably selected from among 
other seedlings because of their greater productivity in that region. 
It is not surprising that productivity was reduced when they were 
grown under other environmeatal conditions. No systematic attempt 
has been made to produce higher yielding commercial types, altho 
such improvement seems to be possible. In 1921 work was started ta 
produce a higher yielding commercial variety by applying the principle 
of “selection in self-fertilized lines” to a vegetatively propagated crop. 
During the progress of this work approximately 40,000 seedlings have 
been grown. In the experiments reported here only a small propor- 
tion of these have been directly utilized. The material used in the ex- 
periments was from various sources and was selected with reference 
to its suitability to the particular experiment. Indirectly, the entire - 
40,000 seedlings have contributed to the results reported, as it has been 
possible to select material adapted for the different studies. 

The potato is normally self-pollinated. However, as the variet.es 
are vegetatively propagated by tubers and not by seed, they are in a 
heterozygous condition similar to that obtained in a normally cross- 
pollinated crop. Consequently the principle of selection in self-ferti- 
lized lines that is applied to normally cross-pollinated crops should 
also be applicable to the improvement of this crop. This method, in 
brief, is to inbreed continuously until individuals are secured that 
breed true for their important characters. This process involves the 
selection of the best individuals in each generation. These are used 
as parents for the succeeding generation. When individuals of the 
desired type that breed true are secured, they are recombined in order 
to restore hybrid vigor, and from the best recombinations the desired 
commercial variety is selected. As potato varieties are vegetatively 
propagated, the characters will remain constant thereafter. It will 
be noted from this brief outline of the procedure that the problem 
of potato improvement is essentially one of developing superior indi- 
viduals for breeding purposes. The usefulness of these individuals 
will not depend upon their own performance but upon their breeding 
value as ascertained by a study of their progeny; and upon their ability, 
when crossed, to produce other individuals of economic value. 

The necessity of obtaining such individuals for breeding purposes 
is due to the character of potato varieties. They are extremely hetero- 
zygous and often contain recessive factors for undesirable characters. 
Furthermore, they frequently exhibit a high degree of sterility, and 
under certain conditions many varieties have a strong tendency to \ 
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drop their flowers. Selection in self-fertilized lines offers the best 
means of eliminating these undesirable features. Furthermore, the 
potato has characteristics that make it particularly well adapted to this 
method of breeding. It is normally self-pollinated; artificial crosses 
can be made easily and quickly; and a single pollination usually gives 
numerous seeds. The seed retains its viability under good storage for 
ten or more years; and, finally, clonal propagat:on of individuals may 
be continued indefinitely. 


NON-FRUITFULNESS IN RELATION TO BREEDING 
METHODS 


A potato plant may be non-fruitful for two reasons: (1) Flowers 
may drop because of the abscission of the flower pedicel; (2) pollen 
abortion may be great enough to preclude fertilization. There appears 
tc be no direct causal relationship between the two phenomena. Flowers 
may drop at any state of development, depending upon the variety 
and the environment under which it is grown. The difference between 
varieties in the tendency to drop their flowers has been utilized in 
varietal classification (Stuart, 14). A large group of seedlings or 
varieties will usually exhibit a continuous gradation, from individuals 
that drop their buds at a very early stage to those in which apparently 
no abscission occurs and in which, if the pollen is aborted, the flowers 
will adhere to the plant until completely desiccated. The latter extreme 
is not of common occurrence, for the flowers that persist until fully 
developed, if not fertilized, will usually fall before drying up. Fertiliza- 
tion usually inhibits any further tendency of the flower to drop. Conse- 
quently, an indirect relationship exists between pollen fertility. of 
individuals and the abscission of fully developed flowers. 

As previously stated, the character of flower abscission is influenced 
to a considerable degree by environment. At University Farm, flower 
abscission is sufficiently prevalent to create a serious problem. In 
spite of the handicap during the four years, 1921-24, distinct progress 
was made in obtaining seedlings that would flower at University Farm. 
Since 1924, the seedlings have been transferred after their first year 
to the Northeast Experiment Station, at Duluth, to obtain an environ- 
ment where flower abscission rarely occurs. Under average growing 
conditions at Duluth, seed is obtained from pollen fertile individuals. 
The elimination of one of the factors responsible for non-fruitfulness 
has enabled more rapid progress to be made in overcoming pollen 
sterility. 

The potato is normally self-pollinated, consequently inbreeding 
would be an easy process if it were not for the high degree of pollen 
‘sterility in’ most varieties. The severity and occurrence of: pollen 
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abortion in the cultivated varieties have been ascertained by Stout and 
Clark (12). Their results show that the major economic varieties 
approach almost complete pollen sterility. In Minnesota there are six 
important commercial varieties—Early Ohio, Irish Cobbler, Bliss Tri- 
umph, Green Mountain, Rural New Yorker, and Russet Burbank. 
Two others, Burbank and Spaulding Rose No. 4, are occasionally 
grown. Green Mountain and Irish Cobbler produce a certain amount 
of seed tinder proper environmental conditions. Seed has also been 
secured from Early Ohio and Triumph, tho seed setting in these two 
varieties is extremely rare. The other four varieties do not set seed 
in Minnesota. 

The progeny of parents that are scant seed setters usually contain 
a high percentage of non-seed-producing individuals. Fertile seedlings, 
however, usually can be obtained in all families if a sufficient number 
are grown. In certain families the number may be so large that the 


expense involved would not warrant a continuance of the line. As - 


an instance of this, of 882 seedlings of Irish Cobbler grown in 1925, 
none set seed. They were replanted from tubers the following year 
and only 5 produced seed. In the third year, 280 of the original seed- 
lings were again planted but seed was secured from only 8 more, thus 
making possible selection from only 13 individuals, altho many were 
grown for three consecutive years. The low percentage of seed pro- 
duction in such families decidedly restricts the amount of selection that 
can be practiced. Seedlings that do not produce seed in the first three 
years of their existence are generally discarded for breeding purposes, 
unless they have other special characteristics of value. Some discarded 
seedlings might set seed if subjected to a wide range of growing con- 
ditions, but the possible results would hardly justify the expense 
involved. 

In order to eliminate the necessity of growing such large numbers 
and to make possible the use of certain poor seed-producing but other- 
wise desirable parents, such varieties were crossed with seedlings that 
set seed liberally. The F, from these crosses usually contained enough 
fertile seedlings for inbreeding purposes. There may be extreme cases 
of sterility in which a second cross of the F, individuals with a seed- 
bearing parent would be desirable. 

Many investigators have studied the nature and cause of sterility 
in the potato. As the results of their work suggest the possibility of 
mitigating or circumventing the difficulties that arise through sterility, 
it may be well to discuss them briefly at this point. The number of 
chromosomes in the potato has been found by Smith (11), Vilmorin 
and Simonet (15), Stow (13), and Salaman (9) to be 24. Smith (11) 
concludes that tetraploidy occurs in the Early Ohio, Early Rose, and 
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Russet Rural varieties. He suggests that if certa'n varieties are trip- 
loid, as seems to be the case from Lutman’s (4) study of Irish Cobbler, 
Green Mountain, Lookout Mountain, and Early Rose, this might at 
least partially explain pollen sterility. Stow (13) no ed abnormal divi- 
sion of the pollen mother cells, and showed that there was a varietal 
difference in this respect. He believes “that the abnormal division is 
neither connected with the hybrid nature of the plant nor the nutri- 
tive correlation within its body; but rather due to the environmental 
conditions or certain special nature of the plant itself.” He considers 
that sterility is mainly the result of abnormal pollen mother cells, 
which he observed at high temperatures (25° 35°C.). “At lower tem- 
peratures (15°-20°C.) on the other hand, the reduction proceeded in 
a regular manner, producing normal pollen grains.” If this interpre- 
tation is correct, it may be possible to obtain seed from sterile varieties 
by experimentally subjecting them to the proper temperatures. This 
would materially facilitate potato breeding work. 

The fact that certain pollen grains abort while others in the same 
individual survive and are capable of functioning leads to the assump- 
tion that pollen grains are differently constituted. This assumpton is 
further supported by results obtained by Salaman and Lesley (10), 
who have shown by reciprocal crosses that the greater portion, if not 
all, of the sterility is inherited through the egg. The fact that the eggs 
will survive conditions that prove lethal to the pollen grains may ac- 
count to some extent for the widespread prevalence of sterility in 
cultivated varieties. By the process of inbreeding, sterility would be 
eliminated through the aborted pollen, and that which was carr’ed over 


in the egg would be further reduced by elimination of the non-fruiting 


individuals. These theoretical considerations receive experimental veri- 


fication from the results of inbreeding. There is a noticeable increase 


in the number of fertile individuals after the.second inbred generation, 
and lines have been isolated in the third and fourth generations in 
which a high percentage of individuals are fruitful. 

_ Pollen sterility in the potato makes selection in inbred lines a labo- 
rious process. Selection is necessarily restricted to the seed-bearing 


“individuals, and the number of these is frequently limited in the early 
generations. This necessitates the growing of large populations, only 


part of which can be utilized. As inbreeding continues, the relative 


‘number of fertile individuals increases. Coincidentally other charac- 


ters have also tended to become homozygous. Consequently the material 
is less suitable for the selection of the particular combinations desired. 
This difficulty can be overcome to some extent by crossing desirable 


sterile types with the best highly fertile types, following by inbreeding 
_and selection in the progeny. 
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GENERAL EFFECT OF INBREEDING ON THE POTATO 


The general effect of inbreeding on the potato is at first to expose 
to view the heterozygous condition of a potato variety. The variability 
in the first-generation progeny is very marked. A variety will usually 
segregate for the easily observable characters that are commonly as- 
sociated with the individuality of a variety. The variability of this 
progeny is further emphasized by the appearance of recessive charac- 
ters. In the second generation some of the lines breed true for certain 
characters and begin to show individuality. The differentiation into 
more stable breeding lines is noticeable in the third generation, in 
which some of the lines assume a distinctive identity while others may 
still be segregating for important characters. 


YIELD OF INBRED LINES 


As the lines increase in homozygosity, in general, a loss in vigor 
occurs. In Tables I and II the relative amount of vine growth and 
the yields of different inbred generations of two varieties are given. In 
Table I it will be noticed that the yield is distinctly lower in the second 
generation than in the first in both 1923 and 1927, when comparative 
yield tests were made. The yields of the later generations, in which 
all the lines of each generation are grouped, do not show a significant 
further decrease. 


TABLE I 
YieLtp oF Insprep Lines Derivep rkom Minnesota Acc. No. 7416 
Year Generation No. oflines Vine growth* Avy. yield, lb. 
DE)'2) wis. cumre Faas saceuate eee rete Telte y= se sas pahemeishayn eels i It 4.8 0.39 
LAG hatel a tetas Seale eve tiesnsater ome ieaaueenvenetete aietayay 2 IL 4.5 0.28 
TOS .sia, mivoSen a! nent aha ta ema weutan ec eT ete eh 2 7 : 4.8 0.35) 
SOV SRA EEG Sal. EEE ROE Meet! SPS 3 2 4.4 0.38 
OO. saielin seb parc ad abso aro sans ba leea ae ie eee mate ena Ne I 3.5 0.84 
EQ 27 fe ara ne jccsctares tetans aeltavielialts "ate aneen wast anes teass acm 2 4 2.6 0.42 
SO aE Re OL EI oie Cares 3 8 4.0 0.43 
MO io) ave euuy sie acer R/anetele tee ied eta, seaiee asanereit 4 II 3-4 0.31 
HSPN EME RER Sta PRS I te aR Rcry eRe MN SN alec Sie el ree A 2 2 6.0 1.49 
Eero ee AC ROM CORA YOON OL Or hohe Bachchan 3 5 6.7 1.07 
Tac ho Per RRS RE NOME ORC Ek ieee rey ark eee ee 4 3 6.3 1.76 
oe} sto EPL Eee RI REE NEMA geen CuCR EAE ye pO 5 7 6.5 0.84 


* Average rating of individuals on a scale of tro. 


In Table II the inbred generations of the Early Ohio are compared. 
The comparative yields obtained in 1927 and in 1928 suggest that very 
little loss, if any, occurred in this stock after four generations of in- 
breeding. The yields given in the effect of inbreeding are based on 
yield of seedlings that survive through the first season. There is fre-' 
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quently a high mortality. The more vigorous seedlings are probably - 
the ones that survive. This tends to raise the average yield of the 
weaker lines. Furthermore, the vigorous seedlings are more likely to 
flower and set seed and consequently become the parents of succeeding 


generations. 
TABLE II ’ 
Yre_p oF InsBreD Lines DERIVED rrom Earty OHIO 

Year Generation No.of lines Vine growth Av. yield, lb. 
DAD ree at Roe Tae te aiy. Sis ck Mate Uiese¥ acs ie: vre 9 0 I I 4.6 0.82 
ENS a tere Merete ae sate Toes \evatee ae" «,a):0,sita- a('6 “oe 2 2 4.3 0.62 

DS) Bia Ma PE EPSPS aoe oyto sVelicle Gaiwc wees 3 18 5.3 1.03 

LO AP prea tienen aateteiate, 6 ic aiaveya" se, aia 800 2 5 8.5 1.86 
MOCO ata AISI riotarale i wlevc aiacs el aiais cielers'e eve 3 4 ots 1.88 
BSL Mere eae Oech teiallse wlicis. sche aie se Se aie 4 16 6.8 1.37 


Data presented in Table III illustrate this condition to some extent. 
The decline in vigor was different in the four lines derived from the 
same variety. A more rapid decline in vigor-occurred in strains B, C, 
and D, than in strain A. The table further shows that strain A was 
Strairisis.. Cranes |)» 
after the initial decline in yield in the second generation, showed no 
distinct further drop. Strain A gradually declined in yield and by the 
fourth generation its yield was approximately the same as that of the 


easier to maintain than the other three strains. 


other strains. 


YIELD AND ViNEe GrowTH oF Four InpreD S7rRains oF MINN. 
FOF Four GENERATIONS 


TABLE III 


Acc. No. 7416 Sevr-FERTILIZED 


Inbred Strain A Strain B Strain C Strain D 
Year = =5 
Generations Vine Yield Vine Yield . Vine Yield Vine Yield 
lb. Ib. Ib. Ib. 
PEO eres e's, I 4.8 0.39 4.8 0.39 4.8 0.39 4.8 0.39 
O28 vas cs 2 5.8 0.50 4.9 0.32 elaay 0.27 5.2 0.30 
HOD Balers yas 2 “5 0.58 5.3 0.40 jake ae 
TO25 000, as = 3 4.6 0.40 mae 4.2 0.30 
WOLT Re waheye > Bier. 0,84 3.5 0.84 EG 84 3.5 0.84 
BO 2 7ntcie)s\- A 4.2 0.63 i. tae 2.5 0.26 2a5 0.28 
BOQ. do's) cei 4 3.4 0.31 a 3.4 0.31 : 


. The data presented on the effect of inbreeding on vigor show that 
| there is a general tendency for vigor to be reduced by inbreeding. 
_ Owing to elimination of weak seedlings and of lines through failure 

to set seed, the actual reduction is probably more than the figures 
indicate. The amount of vigor lost is not so large but that the more 


vigorous lines can be maintained and utilized. 
; / 
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YIELD OF CROSSES 


A study was made to determine the effect of crossing on vigor in 
the potato, in order to ascertain whether the loss of vigor which ac- 
companies inbreeding could be regained when the best inbred selections 
were recombined. The method of testing the different combinations 
varied considerably, depending on the amount of material available. 
The individual plots usually consisted of 50 seedlings, altho frequently 
a much higher number was used. The number of plots varied from 
four systematically distributed plots to single ones. 

In Table IV, a comparison is given of the vine growth and yield 
of fifteen crosses together with that of the progenies of parental va- 
rieties. In ten of the eleven crosses for which yield data are available 
for each parent and the F, progeny, the cross-bred individuals gave a 
higher yield than the mean yield of the two parents. The highest 
percentage increase obtained over the mean of the parents was 125.7. 
-One F, family gave a lower yield than the mean yield of the two par- 
ents. If the F, progenies are compared with the higher yielding parents 
in each case, they still show an increase in all but one cross. In this 
relation the highest percentage increase was 89.2. In this particular 
cross, two individuals that gave low-yielding progenies produced a 
relatively high yielding F, progeny. An average of the eleven F, 
progenies shows that they outyielded the average mean of the parents 
by 50.3 per cent,/and the average yield of the highest yielding parent 
by 31.5 per cent. ; 

The differences obtained between the yield of F, crosses and that 
of the progenies of ther parents were larger than those obtained be- 
tween the different inbred generations. This difference in yield may 
be due to a combination of loss in vigor from selfing the parents and 
an increase in vigor due to crossing. The yields of three parental 
families and of their F, progenies were compared. This tends to elim- 
inate any decrease in yield that may have occurred because of selfing 
the parents. The results seem to indicate that the greater part of the 
difference is due to the beneficial effect of crossing rather than to any 
detrimental effect of inbreeding. 

The data presented in Table V show a decided increase in yield 
from crossing in two cases and practically no gain in the other case. 

The general tendency of the F, progenies to be vigorous and high 
yielding has an important bearing on breeding methods. The data 
given in Tables IV and V show that progenies derived from either 
seedlings or varieties are dist’nctly inferior in yielding ability to the 
F, progenies. In fact, no seed has been obtained from any source that 
gives progeny yielding as high as the progeny of crossed seed. In 
observations made on approximately thirty thousand seedlings, few 
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progenies have been found to approach the vigor of crossed seed and 
none that equaled the vigor of the heaviest yielding F, progenies. Con- 
sequently it should be far easier to select séedlings from the F, progenies 
that would be higher yielding than the commonly grown varieties than 
from progenies of any other source. 


TABLE V 
. 
YIELD OF THE P; GENERATION COMPARED WITH THE Fy 


Inc. yield Inc. yield 
over mean over highest 


Vine growth Average yield, lb. 
of parental parental 


Year Parental families 


2 os ¥ of 2 dh 2, : 

Py P; P, P, F Pp Py F, families family 

per cent per cent 
1927 42.44 XK 15.22 4.3 2.00 3.74 1.026 0.200 0.63 3.2 —63.4 
1927 D522 Xe eo 2.00 3.48 4.64 0.200 0.844 1.24 138.4 47.6 
1927 41.22 X 4.20 4.58 3.48 5.60 0.819 0.844 1.42 71.0 69.0 


Studies on the vigor and yielding ability of F, and later generations 
show that vigor and yield tend to decline after the F, generation. The 
comparative yield and vine growth for F, to F, generations of two 
crosses are given in Table VI. A small reduction in yield occurred 
in the F, generation and a greater in the F, generation. In this limited 
study the decline was greater in the F, generation than in the F, or 
the F, generation. 


TABLE VI 
RELATIVE Vicor oF F; To Fs GENERATIONS oF Two CrROossEs 
} No. of Ay. yield 
Cross Year Generation lines Vine growth per seedling 
lb. 
13.22-18-24 X 28.22-8.24 1927 F, 6.5* rt4* 
1927 Fy 5 7.6 1.22 
1927 Fe, 2 6.3 0.93 
41.22-40.24 XX 28.22-8.24 1927 F, 6.7* LON 
1927 Fs 2 6.4 0.97 
1927 Fs 34 4.9 0.77 
1928 Fs 4 7.5 1.99 
1928 Fy 13 6.9 2.27 


* Adjusted on the basis of checks from 1926 data. 


The data presented on the effect of inbreeding and cross-breeding 
indicate a general tendency for vigor to be reduced through inbreeding. 
This loss is probably greater than the yield data indicate, because of 
the loss of weak seedlings and the tendency to eliminate weak seed- 
lings and lines through their failure to set seed. Cross-breeding has 
a tendency to increase the vigor, as is shown by the greater vigor in 
the F, progenies. One may assume, therefore, that crossing desirable 
inbred lines results in vigor equaling or surpassing that of the original 


parents. 


a 
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Selection in Inbred Lines 


The physical limitations on the number of lines that can be grown 
makes it obligatory to practice some type of selection so the desirable 
germ plasm can be sorted out and saved and the undesirable discarded. 
Most of the desirable morphological characters have been segregated 
by selecting individuals possessing them and by testing the correctness 
of the observations through a study of the progeny in later generations. 
The isolation of these characters appears to be progressing so well that 
no special studies have been deemed necessary to determine a more 
accurate basis for the selection. Some of the plant characters isolated 
on the basis of field records and observations are differences in color 
and form, second growth, growth cracks, depth of eye, smoothness 
and russeting of tubers, length of stolons, number of stolons, number 
of tubers per stolon, number and size of tubers per plant, habits of 
vine growth, and other vine characters. Two other characters, yield 
and time of maturity, were studied to determine on what basis selec- 
tion for them could be made most effectively. 


BREEDING BEHAVIOR OF EARLY AND LATE y 
VARIETIES 


To determine the relationship between the time of maturity of 
plants and the breeding behavior of their progeny, a study was made 
of the progenies of commercial varieties whose relative time of ma- 
turity is well known. These varieties fall naturally into two classes. 


| Bliss Triumph 
Early maturing / Irish Cobbler 
| Early Ohio 


Green Mountain | 
Late maturing ) Rural (smooth and russet ) 
Red McCormick (Lookout Mountain) 


Altho the varieties within these groups vary, the groups are fairly 
well defined. As the phenotypic behavior has been well established 
by observations of commercial plantings throughout the country, a 
study of their genotypes should be of interest. The breeding behavior 
of these varieties was determined from a study of their progeny and 
from the progeny derived from crosses in which they appear as parents. 

By reference to Table VII it may be seen that the maturity of the 


‘seedlings corresponded rather closely to that of the parents. In 1923, 


the progenies of Early Ohio and Lookout Mountain were compared. 
The Early Ohio had matured 54 per cent of its progeny on Septem- 
ber 10; the Lookout Mountain, 8 per cent. In 1924 a study was made 


of the progenies of the Triumph and Cobbler varieties. The Triumph 


: ae 
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had matured 77 per cent of its seedlings by September 10; the Cobbler, 
54 per cent. In 1927 a comparison was.made of the relative time of 
maturity of the progeny of Triumph, Cobbler, Early Ohio, and Green 
Mountain. The percentage matured by September 10 in the four 
varieties was 73, 63, 50, and 10, respectively. On the basis of time 
of maturity of offspring, the five varieties may now be listed in the 
following order: Bliss Triumph, Irish Cobbler, Early Ohio, Green 
Mountain, and Red McCormick. 


TABLE VII 


Breepinc Bewayior or Five ComMMERCTAL VARIETIES AS INDICATED BY TITE COMPARISON OF 
THEIR SEEDLING PROGENY IN RELATION TO THE NorMAL PERIOD oF Maturity 


Condition of seedlings on September 10 


Variety Year Number Percentage 
Mature Immature Total mature 
Ba tiy ae Oba +-1-. Gruacks States 1923 120 101 221 54 
Red McCormick ....... 1923 3 34 37 8 
EBrpitirphe site ace m ames 1924 108 32 140 Vii, 
Gahbletio. al tle pais 5 1924 6 5 II 54 
egh bier Sul aed cae eweteemer naar of. ats 1927 63 23 86 73 
obbIer ace eee octane 1927 26 zs 41 63 
Warly- Ohio s waaevs siete 1927 13 13 26 50 
Green Mountain ....... 1927 5 47 52 10 


A comparison of the behavior of the varieties in crosses with a 
common pollen parent further confirms the results from the study of 
progenies obtained by self-pollination. Six groups of such crosses 
are shown in Table VIII. Triumph, Cobbler, and Early Ohio retain 
their relative ranking when crossed with a medium early parent, Minn. 
Acc. No. 7416. The percentage of F, progeny mature on September 
10, 1923, was 86, 77, and 50, respectively. A similar test of Triumph 
and Cobbler in 1924 gave respectively 62 and 52 per cent of mature 
seedlings on September 10. In the four succeeding groups of crosses, 
the progeny of Russet Rural is compared with that of Triumph, Cob- 
bler, and Green Mountain. In Group III, Triumph and Russet Rural 
are crossed with a very late maturing parent, 4.20-1-24. The percent- 
age of the F, progenies mature on September 10, was 24 and 19, 
respectively. When these varieties were crossed with a medium late 
maturing seedling, 41.22-1-25, the F, progenies matured 35 and 6 per 
cent of their respective seedlings by September 10. In Group V, 
Cobbler and Russet Rural are crossed with a late maturing seedling, 
11.24-1-25. In the F, progenies of these crosses the percentage of 
mature seedlings was 39 and 20, respectively. In Group WI, where 
two late varieties, Green Mountain and Russett Rural, were crossed 
with a late maturing seedling, 11.24-3-25, the F, progeny of the Russet 


’ Rural cross matured 9 per cent more of its seedlings by September 10 


4 
4 
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or 


than did the progeny of the Green Mountain cross. The results of 
these crosses tend to confirm the previous ranking of Triumph, Cob- 
bler, Early Ohio, and Green Mountain based on the behavior of progeny 
of self-pollinated seed. Russet Rural appears from the data obtained 
in these crosses to be genetically slightly earlier than Green Mountain. 

From the data presented in Tables VII and VIII, some general 


_ deductions seem to be justified. The early maturing varieties—Tr:umph, 


Cobbler, and Early Ohio—give distinctly earlier maturing progeny than 
the late varieties—Rural, Green Mountain, and Red McCormick. The 
difference between the time of matur:ty of the seedling progeny of the 
early maturing varieties is greater than between the individual varieties 
when these varieties are asexually propagated. The value of a seedling 
or a variety in respect to the character of maturity can be more quickly 
and accurately ascertained by studying its breeding behavior in com- 
parative tests than from its phenotypic behavior. 


TABLE VIII 
Facrors ror Maturity or Stx CoMMERCIAL VARIETIES as INDICATED BY THeEtR BENMAVIOR IN 


CROSSES 
Condition of seedlings on September 10 
Group Parents Year No. of seedlings Percentage 
Mature Immature Total mature 
ok Triumph X Minn. Acc. 7416....... 1923 2 7 49 86 
Cobbler 3< Minn. Ace. 7416.4. ..5¢. 1923 40 12 52 a9 
Early Ohio X Minn. Acc. 7416...... 1923 30 30 60 50 
II Triumph X Minn. Acc. 7416........ 192 54 33 87 62 
Cobbler X Minn. Acc. 7416.-........ 192 43 39 82 52 
III Dringm pi < 14s 20-1524. se oe as wh vee 1927 22 70 92 24 
Russet Rural X 4.20-1-24......... 1927 7 29 36 19 
IV Triumph SRI 22 == 2'5) a0 ai oes) « vaye 1927 I 20 31 35 
Passer. Ieuiral OX Ail. 22-T-25' (aire. bast (927 2 29 3r 6 
= Vv Gopplen <2 44-25 asta eee 1927 12 19 31 30 
husset Rural XX 11.24-4-25. 30... ue 1G27 28 35 20 
WI - Green Mountain X 11.24-3-25 ...... 1927 6 27 33 18 
iusset Rural >< 11.24-3-25 ....+,+ 1927 9 24 33 27 


INHERITANCE OF TIME OF MATURITY 


An analysis of the data on a strict genetic basis can not be made. 
The data are, however, suggest.ve of several points. Miller (5) studied 
the genetic characteristics of potato varieties of different maturity. 
His results show that the later the average maturity the greater is the 
negative skewness of the frequency curve; the earlier the average ma- 


 turity of a family the greater is the variability as measured by the 


a 


standard deviation; the means of the crosses lie between the means 


of the progeny of the self-pollinated parents. Muller attempts to ex- 


‘ 


plain these results on the basis that late maturity is dominant and that 


Sr 
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multiple factors are involved. He points out that the increased varia- 
bility of the early families does not harmonize with the supposition 
that late maturity is dominant. He suggests that this discrepancy 
might be accounted for by the shorter period of daylight and dropping 
of temperature as the season progresses, thus prolonging the life of 
individuals and placing them in later classes than their genotype would 
warrant. It appears, however, that the results could be more easily 
explained if it were assumed that earliness was dominant and that 
multiple factors were involved. Muller was work:ng with medium 
early varieties that would probably be heterozygous for this character. 
This would account for their greater variability as compared to the 
progenies of the late maturing varieties ; the latter, having more homo- 
zygous recessive factors, would tend to breed true. 


TABLE IX 
CoMPpaRIsoN OF TiME oF Maturity oF PRoGeENY oF COMMERCIAL VARIETIES AND THEIR F) 
VARIETAL CROSSES 


Maturity Condition of seedlings on September 10 
No. Parents of Year Number of seedlings _ Percentage 
parents Mature Immature Total mature 
Mar Dx Ua Tp asa ens at eet ete vee der an: pwce rear tiaras Early 1924 108 32 140 77 
Triumph X Minn. Acc. No. 7416....... 54 33 87 62 
Minn! Neca Nos YATGs soe ates Medium 15 5 71 21 
TT Cobbler eee: S crieinns Winds eke ate ee Early 1924 6 5 II 54 
Cobbler X Minn. Acc. No. 7416...... 43 39 82 52 
Min Ace: Noi Ait Overs ware ouels Medium 15 56 71 21 
1G 6 bias! Beis igen 8) oe Lenape ewien n ype ne i te Sc Early 1923 120 101 221 54 
Early Ohio X Minn. Acc. No. 7416... 30 30 60 50 
Minn. Acc. No. 7416.......-.. Medium 17 22 39 44 
LVE oo Peiim pha) yard car niekemieiciee eee Early 1927 63 2 86 73 
rwimiphs< Aiee ee 2-2 ee ary ve seuavaeceleretels 12 5 17 71 
itis Seo oie meena iaicuctn wl eae tert ta ale Late ” 13- 20 35 
War Cobbler scatescatttcris <i oct a ntefenta att Early 1923 6 2 8 63 
Cobbler *% Red McCormick .......... 36 27 63 57 
Reds McCormick pcje esi eisise cls einieye Late 3 34 37 f3 
Wil euslerittrrp Hee net. <tc re masreieistetsletaleic taney ais Early 1927 63 23 86 73 
Pr pH ON Or w2I23 ie ole iel-\atore e'alossiarss 30 39 69 43 
ONTO pat aie Stee cheer ai nvalin Mgeravansteteurl sista ge Late 33 59 92 36 
WIL “Green Montane. oi). stows censor Late 1927 5 47 52 10 
Green Mountain X 11.24-3-25....-..- 6 27 33 18 
ORE ECP EAE MAA Mcthocsb a DMO Lote OSS Late oh as as Nie 


In studies made at University Farm in which the behavior of crosses 
was compared with that of seedling progenies of the same parents, 
earliness tended to behave as a dominant character. The data are pre- 
sented in Table IX. It will be noted that in crosses I, II, and III, in 
which the early varieties were crossed with a medium maturing parent, 
the F, seedlings approached more closely in behavior the ptoseny of 
the early parent. The data from these three crosses further show a 
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relationship between the earliness of the early parent progeny and of 
the F, seedlings. In crosses IV, V, and VI, early varieties were 
crossed with late varieties. In two of these crosses, IV and V, earli- 
ness behaved as a dominant character; the percentage of seedlings. 
that matured by September 10 nearly equaled the percentage that 
matured in the progeny of the early parent. In cross VI, the F, 
progeny behaved more like the seedlings of the late parent. In cross 
VII, in which two late parents were crossed, the F, seedlings were 
late. In the crosses reported by Miller (5) the F, progeny clearly 
tended to be intermediate between the two parents. Since varieties 
classed as second earliest were used, they were probably later maturing 
than Bliss Triumph and Irish Cobbler, which would explain the differ- 
ence in the results obtained. 


SELECTION FOR EARLY MATURITY 


It is interesting to note that the earliest varieties obtainable im 
the United States, i.e., Bliss Triumph, Irish Cobbler, and Early Ohio, 
did not breed true for earliness. As these varieties are heterozygous 
for at least some of the factors that produce earliness, it should be 
possible to obtain seedlings from their progenies that were more homo- 
zygous and consequently earlier maturing than the parent varieties. 
While selection of the earlier maturing seedlings can be started to 
advantage in their first and second years, it is not until the third season, 
because of a tendency to delay maturity, that an accurate comparisom 
with the parent variety can be made. Delayed maturity of the seed- 
lings appears to be associated with the amount of reserve nutrients. 
available when the plants are started. As the size of the tubers avail- 
able for planting from individual seedlings the second year may vary, 
some error is involved in making the selections on maturity at this 
time. A comparison with the parent variety of 229 Irish Cobbler seed- 

lings in their third season indicates that both earlier and later maturing 
seedlings were obtained. The comparison showed 98 seedlings to be 
earlier than, 91 similar, and 4o later than the parent. If such progenies 
were fruitful it would be easy to obtain individuals that would breed 
true for earliness. But the progenies from early varieties have been 
highly unfruitful. 

In order to obtain early seedlings with viable pollen, crosses of 
fertile seedlings and early seedlings of varie‘ies were made. This was 
done because of the difficulty of obtaining early lines from late parents, 
which, owing to their high fertility, were the best sources of inbred 
lines. More recently some early lines have been isolated from early 
varieties. This method of crossing followed by inbreeding, and then 
repeating the process if necessary, appears to be a satisfactory one 
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for obtaining early seedlings that have viable pollen and the other 
characteristics desired. A comparison of the progeny of the 34 earliest 
seedlings with the progeny of Triumph, Cobbler, and Early Oh‘o shows 
that 6 seedlings from their breeding behavior appear to be genetically 
as early as the Triumph variety; 20 seedlings are genetically earlier 
than the Cobbler or as early; while all of the 34 seedlings are genetically 
as early as the Early Ohio or earlier. All these seedlings, judging from 
their ability to set seed, have sufficient viable pollen to function as pollen 
parents. A comparison, in 1927, of 172’ families, including self and F, 
families derived from certain commercial varieties, shows that there 
were 8 seedling families as early as the Triumph family; 24 families 
as early as the Cobbler family or earlier; 74 families as early as the 
. Early Ohio family or earlier; 147 families as early as the Green Moun- 
tain family or earlier. Twenty families of the 172 in the test were as 
late as the Red McCormick family or later. The individuals of all the 
families in the latter class were still green when they were killed by 
frost, consequently their relative rank could not be ascertained. The 
number of seedlings of each family is too small to allow a definite 
conclusion to be drawn as to the relative earliness of any particular 
family. They show as a group, however, that definite progress is being 
made toward the production of breeding material that has the com- 
bination of earliness and fertility. 

The studies on maturity may be briefly summarized. The breed- 
ing behavior of standard commercial varieties when self-pollinated and 
when crossed show that where wide differences in maturity exist a 
distinct difference will also be found between the genotypes of these 
varieties or individuals. The Triumph, Cobbler, and Early Ohio ya- 
rieties, which mature at relatively the same time, show distinct differ- 
ences in their genetic constitution in regard to maturity. Therefore, 
in selecting for earliness, late maturing seedlings can be safely dis- 
carded, while: the early maturing seedlings should be further sorted 
out on the basis of breeding behavior. The breeding behavior of early 
maturity as a character appears to be typical of characters whose ex- 
pression is dependent on dominant multiple factors. The method used 
to obtain early breeding stock was to cross selected fertile seedlings 
and early seedlings or varieties, and again select in the inbred lines 
obtained from the F, progeny. This process can be repeated, using 
the earliest I’nes obtained, until the lines are as early as the earliest 
seedlings or varieties obtainable. Seedling lines have been obtained 
by this method that compare favorably in early maturity with the 


progeny of the early varieties and, in addition, have the fertility 


required in breeding stock. 
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PRODUCTION OF HIGH YIELDING SEEDLINGS 


It has been shown in Tables I to VI that there is a tendency for 
the yield to decrease during the process of inbreeding, and that this 
loss in yield is regained and frequently increased by appropriate cross- 
ing. All crosses do not yield equally well, hence it is important to 
know what relation, if any, exists between the yields of parents and 
their corresponding crosses. A few studies have been made of corn, 
bearing on the relation between the inbred strains and the F, crosses. 
Kisselbach (2) found that high yielding corn strains have, as a rule, 
given better yielding F, crosses than low yielding strains. Richey (7) 
and Richey and Mayer (8) found no such general relation. “ More 
recently Nilsson-Leissner (6) and Jorgenson and Brewbaker (1) ob- 
tained results which led them to conclude that selection of the most 
vigorous selfed lines is desirable in corn, but that the only method of 
learning the better F, combinations is by actual trial. 


Parent yields. 
Hy 2 3 a 5 6 7 8 


Fy, Yields. 


In 1927, the yields of 47 F, potato crosses were obtained. Owing 
to soil variability at the Northeast station, where all the parents were 
grown, the yields of these parents were not sufficiently accurate to 
justify their use. Both parents of 18 of these F, crosses were also 
grown at University Farm. The regression of parent yields on yield 
of F, is shown in Figure 1. The correlation coefficient is 0.5564 + 
0.1079. . 

‘This shows a distinct correlation between the mean yield of the 
parents and their F, progeny. The number of’ crosses involved was 
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small. The parents were very heterogenous as to origin; and it is 
possible that the high yielding parents were better adapted to growing 
conditions at University Farm, consequently their F, progeny were also 
better adapted. The results suggest the desirability of further studies - 
to determine if such a general relationship can be expected. Even if 
such a general relationship exists, there would be little reason for dis- 
carding the poorer yielding lines before determining by actual trial their 
value in recombinations. 

A comparison of the yield of F, crosses with that of inbred lines 
and seedling families*of standard varieties indicates that a high yield 
can probably be obtained by recombining the inbred lines even if no 
selection is made for this character. In 1927, seedling families were 
grown from Triumph, Cobbler, Early Ohio, and Green Mountain 
varieties. The lowest yielding family was obtained from the Triumph 
variety with 52 bushels per acre. The Green Mountain family gave 
the highest yield, 103 bushels per acre. Of the 57 inbred lines in the 
test 9, or 15.8 per cent, gave a higher yield than the Green Mountain 
family, and 25, or 43.9 per cent, gave a lower yield than the Triumph 
family. Of the 47 F, crosses in the test 25, or 53.2 per cent, gave a 
higher yield than the Green Mountain family and only 3, or 6.4 per 
cent, gave a lower yield than the Triumph family. It is of interest 
to note that, in the absence of selection, more than 50 per cent of the 
F, crosses gave a higher yield than the highest yielding seedling pro- 
geny of four standard varieties. The superior yielding ability of these 
F, crosses can be illustrated in another manner. The average yield 
of the 57 inbred lines was 58 bushels per acre; of the seedling families 
of the four standard varieties 75.5 bushels per acre; and of the 47 F, 
crosses 93.2 bushels per acre. 


DISCUSSION 


In a previous publication (Krantz, 3) it was pointed out that the 
employment of the method of “selection in self-fertilized lines” was 
' particularly appropriate in a vegetatively propagated crop such as the 
potato. The studies presented in this paper have been concerned with 
the soundness of the general principle in its specific application to the 
improvement of the potato, and in establishing economical and effec- 
tive methods for its application. 

The object of selection in self-fertilized lines. of potatoes is to 
‘secure fertile breeding stock that breeds true for the important eco- 
nomic characters, and from which abnormalities and other undesirable 
characters have been eliminated. The problem is essentially one of 
‘developing superior individuals for breeding purposes. The value of 
these individuals will not depend upon their own performance but upon ~ 


‘ homozygosity, as is indicated by smaller vine growth and decreased 


ay) 
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their breeding behavior as ascertained by a study of their progeny and 
upon their ability when crossed with each other to produce individuals 
of economic value. 

The procedure followed in producing these individuals is both 
analytical and synthetic. The desirable features of our commercial 
varieties must be separated from the undesirable; then by a building- 
up process individuals of the desirable types must be constructed. 
Inbreeding is the genetic method of analysis. It exposes characters 
and shows in what degree of purity these characters exist within the 
individual, thus enabling a selective process to separate the desirable 
elements into pure line groups. By crossing, these groups may then 
be split up and recombined to meet specific requirements. The above 
process is a method by which a concrete objective may be attained; 
at the same time it lays the foundation for a subsequent higher objec- 
tive. The process of constructing breeding material and the intro- 
duction of improved combinations of characters to replace economic 
varieties will necessarily progress simultaneously, as the latter must 
be used in measuring the progress made toward the first objective. 
Perfection in breeding stock and in varieties may be an infinite aim. 
This, however, is immaterial as long as progress in the improvement 
of breeding stock is reflected in the production of better varieties. 


SUMMARY AND CONCLUSIONS 


1. The prevalence of non-fruitfulness in the potato is primarily 
responsible for the paucity of potato breeding work. The non-fruit- 
fulness due to flower dropping has been eliminated by transferring 
the seedlings after their first year to a more favorable environment. 
The failure to set fruit because of pollen abortion has been overcome 
by inbreeding partially fertile varieties and by crossing sterile and 
weak pollen-producing varieties with fertile seedlings and then in- 
breeding the F, generation. Pollen sterility is eliminated from these 
future generations through its lethal effect on the pollen grains that 
earry it and through the elimination of the non-fruiting individuals 
of the progeny. Because the eggs are not affected, and consequently 
transmit the sterility to succeeding generations, the process of elimina- 
tion is slower than it otherwise would be. The increase in fertility is, 
however, marked after the second and third inbred generations. 

2. The effect of inbreeding on commercial varieties of the potato 
is, first to expose their heterozygous condition. After the first gen- 
eration an appreciable reduction in variability is noted. In the third 
and fourth generations, lines begin to show sufficient uniformity that 
their individuality can be recognized. 

3. A reduction in vigor accompanies the approach of the lines to 
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yields. The reduction in yield for the two varieties in which lines 
have been inbred for four or more generations has been approximately 
40 per cent below the yield of the first inbred generation. The results 
obtained from crosses between varieties and between inbred seedlings 
show that the loss in yield occasioned by inbreeding can be regained 
and in many cases reduced by appropriate recombinations. "Two crosses 
between inbred lines have been carried to the F, generations, The 
difference in yield between the F, and the F, generations is approxi- 
mately equal to that between the first and second inbred generations 
of a variety. 

4. Most of the important economic characters are fairly easy to 
fix in the inbred lines. The process is one of discarding the poorer 
seedlings and lines. However, early maturity as a genetic character 
has been found difficult to isolate. Results from selfed and crossed 
progenies suggest that its expression is dependent upon dominant multi- 
ple factors. A study of the seedling progenies of standard varieties 
shows distinct differences between the progeny of Bliss Triumph, Irish 
Cobbler, and Early Ohio. The varieties studied may be ranked ac- 
cording to the earliness. of their seedlings as follows: Bliss Triumph, 
Irish Cobbler, Early Ohio, Green Moun‘ain, and Lookout Mountain. 
Rural New Yorker, from its behavior in crosses, appears to be gene: 
tically slightly earlier than Green Mountain. 

The genetic data obtained from self-pollinating and crossing of 
standard varieties enable the following conclusions to be drawn: 
Where a wide difference in maturity exists between varieties, such as 
between early and late maturing ones, their seedling progenies will 
show the same relative difference. However, varieties of relatively 
the same period of maturity such as Triumph, Cobbler, and Early Ohio, 
may show distinct differences in their genetic constitution in regard 
to earliness. It would be desirable, therefore, in selecting for early 
maturity, to select first on the basis of individual behavior, and second 
on the ability to transmit this character to its seedlings. A handicap 
in making selections on this basis results from the high degree of 
sterility found in the progenies of the early varieties. A method con- 
sisting of crossing the earliest available fertile seedlings with the early 
varieties and selecting from later generations derived from these crosses 
has enabled the isolation of Ines in which earliness equal to that of 
the progeny from the early varieties is combined swith relatively high 
fertility. Doubtless lines homozygous for earliness can be isolated from 
this material. . 

5. A study was made to determine the importance of yield as a 
character to be considered when selecting inbred lines. A comparisor 
in 1927 of the yield of 18 F, crosses with the yield of the parents, 
gave a correlation coefficient of 0.556 + 0.108. This suggests the \ 
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possibility of an important relationship. A comparison of the yield 
of F, crosses with the yield of inbred lines and seedling families of 
the Triumph, Cobbler, Early Ohio, and Green Mountain varieties 
indicates that a high yield can probably be obtained upon recombining 
the inbred lines even if no selection for high yield is practiced in them. 
The average yield of 57 inbred lines was 58 bushels per acre; of the 
seedling families of the four standard varieties, 75.5 bushels per acre; 
and of the 47 F, crosses made from lines picked at random, 93.2 bushels 
per acre. The most economical procedure appears to be to determine 
by actual trial the best recombinations and to select the best individuals 
from the highest yielding recombinations for a comparative test with 
the standard varieties to determine which individuals would be of value 


‘in commercial production. 
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Tendency of Early Ohio Potatoes to Form Knobs 


Plate 1. 


Plate 2. Early Ohio Seedling Showing Extreme Tendency Toward Development of Knobs 


Plate 3. Early Ohio Seedling that Produces Smooth Tubers in the Same Plot = 


By selecting the smooth-tubered Early Ohio seedlings and again selecting the smooth- 
tubered seedlings in their inbred progeny, the undesirable character for second growths can be 
eliminated. 
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SUSCEPTIBILITY OF WHEAT VARIETIES 
AND HYBRIDS TO FUSARIAL HEAD 
BLIGHT IN MINNESOTA 


J. J. Christensen, E. C. Stakman, and F. R. Immer 
INTRODUCTION 


The only effective method of controlling wheat scab (Fusarial head 
blight) is to grow resistant varieties. While cultural methods will 
reduce losses somewhat, they can not be depended upon to control 
the disease adequately. With the increase in acreage of corn in the 
spring wheat area, Fusarial head blight is likely to become even more 
prevalent and destructive than it now is. The use of resistant varieties 
of wheat will therefore assume increasing importance. It will be 


_mecessary either to grow resistant varieties already available or to 


é 


develop new ones. In either case a knowledge of the relative resistance 
of varieties now in existence will be very valuable. Therefore the 
tests described in this paper were made. 

Relatively little has been done in determining varietal resistance 
of wheat to scab. Arthur (2), in 1891, was the first to report dif- 
ferences in varietal susceptibility to Fusarial head blight of wheat. 
Schmitz (14), Atanasoff (3), MacInnes and Fogelman (13), Hurd 
(11), Hayes (10), Stakman, Lambert, and Flor (17), and Wollen- 
weber (19) have called attention to varietal differences, but none re- 
ported extensive studies. Christensen and Stakman (7), in a pre- 
liminary note, reported marked differences in susceptibility of varieties 
of durum and common wheats. They also found that certain strains 
from crosses between susceptible and resistant parents were as re- 
sistant as the resistant parent. Recently Scott (15) reported the results 
of tests with winter wheats that had been inoculated artificially with 
Gibberella saubinetu (Mont.) Sacc. 


MATERIALS AND METHODS 


During the last nine years more than 350 spring varieties, selec- 
tions, and hybrids of Triticum spp. have been tested for relative 


susceptibility to scab at University Farm, St. Paul, Minnesota.t Most 


of them were tested for at least three years, some for one or two 


1 Most of the varieties were obtained originally from J. H. Martin, Office of Cereal 
Crops and Diseases, U. S. Dept. of Agr., and a few were obtained from A. C. Arny, 


- Division of Agronomy and Plant Genetics, University Farm. The crosses, Marquis x Preston, 


ete., listed in Table III, were furnished by Dr. Hayes, Division of Agronomy and Plant 
Genetics. These were made by Dr. Hayes in 1915 with the hope of producing a variety of 
wheat more resistant to scab than Marquis, yet having the desirable agronomic characters 


A oF Marquis. 
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years, and a few for nine years. Fifty of the varieties were\ tested 
also at the branch experiment station at Waseca,? for two years. 
Varieties and selections grown for at least three years and a few newly 
developed varieties resistant to stem rust grown for one year only 
are included in the tabulated results (Tables I, II, III, and 1V). 

In 1925, the varieties listed in Table I were grown in single rows, 
ii 1926 a second planting of the same varieties was made about two 
weeks later than the first, and in 1927 they were grown in uniformly 
replicated rows. The varieties listed in Table III were grown in 
duplicate plots at University Farm, three 5-foot rows of each variety 
in a plot. At Waseca the same varieties were grown in replicated 
single rod rows. At University Farm the plants were artificially 
inoculated. They were sprayed with a suspension of spores of 
Fusarium spp. at intervals of a day or two from the time of heading 
until the semi-hard-dough stage. When the weather was especially 
dry the plants were sprayed late at night. Most of the inoculum was 
obtained from material collected at different places in Minnesota, 
but some was obtained from other states. The pathogene was isolated 
from some of the collections and grown on potato dextrose agar or on 
a mixture of autoclaved wheat and oats. Some inoculum was obtained 
by making washings of diseased spikelets of wheat gathered the 
previous season. No attempt was made to use only one species or 
strain of the scab-producing organisms, because it was hoped to 
determine the reaction of the varieties to as many as possible. The 
plants at Waseca were not inoculated artificially. 

Counts to determine the percentage of affected heads were made 
shortly before the wheat ripened. The percentage was usually based 
on counts of 200 heads (Table III), but in some cases (Tables I 
and II) it was based on a smaller number, particularly when the varie- 
ties were severely affected. The percentage of infected seed was de- 
termined by examination of scabby heads in the laboratory. 


RESULTS 


All of the 350 varieties and selections of Triticum vulgare, T. 
durum, T. compactum, T. dicoccum, T. turgidum, T. spelta, and T. 
polonicum became infected to a greater or less degree. None were 
immune. At least some varieties within all these group species were 
susceptible. The percentage of infected heads in the different varieties 
ranged from a bare trace to 100. ; 

It is evident from Tables I, II, and II] that the common wheats as 


a class are more resistant than the durums, altho some of the com- — 
mon wheats are very susceptible. In 1927 the percentage of hlighted — 


2The writers are indebted to ‘R. E. Hodgson, Superintendent of the Southeast» 


Experiment Station, for growing these varieties at Waseca. 
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heads in common wheats ranged from 1 to 78 and in 1928 from 6 
to 93. The following were among the most susceptible: Chul, Bunyips, 
Emerald, Federation, Gypsum, and Propo. Marquis, the most popular 
variety in the hard red spring wheat region, and Marquillo, a promis- 
ing rust-resistant variety, were susceptible. The following were very 
resistant: Converse, Glyndon Fife, Haynes Bluestem, Huston, Jum- 
buck, Lodoga, Norka, Rysting, Weilman, and White Fife. 

The average percentage of infected heads of Glyndon Fife during 
seven seasons (Table I1) was 4.0 in contrast with 26.7 of Kitchener 
and 22.1 of Marquis. Kota was intermediate, the infection being 17.4 
per cent for the same period (see Fig. 1). 
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Fig. 1. Average Percentages ‘of Fusarial Head and Seed Blight on Nine Varieties of 
Wheat Artificially Inoculated at University Farm 1921-23 and 1925-27 Inclusive 


The durum wheats as a class were decidedly more susceptible than 
‘the common wheats. In 1927 the percentage of infection on different 

varieties of durum ranged from 1 to 100, altho most of the more than 
200 varieties tested from 1925.to 1928 were susceptible. Some of the 
most susceptible were Adjini, Negro, Potia Nadiad, and Souri. The 
_ following were resistant: Batum, Medeah, and C. I. 3198. Muindum, 
_ Minn. 470, appears to be the most resistant of the durum varieties 
commonly grown in Minnesota and the Dakotas. The average per- 
centage of infected heads in this variety for seven years was 25.0 as 

compared with 40.1 for Monad and 36.3 for Acme (See Table I1). 

There were differences also in the susceptibility of strains within 

a variety. For example, four selections of Kubanka, C. I. 1440, 
differed considerably in this respect. The average for infected seed 


é » 


6 MINNESOTA TECHNICAL BULLETIN 59 


ot one selection of this variety for 1926 and 1927 was 7.7 per cent, 
while that of another selection was aey per cent for the same two- 
year period (Table I). 

An attempt was made to determine the behavior of crosses between 
susceptible and resistant parents. In Table III is summarized the 
behavior of 38 hybrids. These crosses were tested at Waseca from 
1923 to 1925 inclusive, and at University Farm from 1923 to 1927 
inclusive. In 1924 no notes were taken at either place because little 
scab developed, and there was a severe epidemic of head blight caused 
by other factors than scab. Some hybrids were resistant at both 
Waseca and University Farm, others were susceptible at both places, 
while still others were susceptible at one place but resistant at the 
other. Most of the crosses were intermediate in their reaction to scab, 
altho some of the lines obtained from Marquis x Preston crosses 
and some from Marquis x Haynes Bluestem crosses were as resistant 
as the resistant parent. The Preston parent used in the Preston x 
Marquis crosses was not Preston, Minn. 924, but a selection from it. 
Its reaction to scab, according to a preliminary test, was apparently 
identical with that of Preston, Minn. 924. These hybrids were puri- 
fied strains; the original crosses were made by Dr. H. K. Hayes in 
1915. 

Eight rust-resistant varieties of wheat, developed from crosses be- 
tween Kota and Marquis, were tested in 1928. All were very suscep- 
tible to Fusarial head blight. The percentage of infection ranged from 
44.5 to 88.5, while in Marquis it was 28.3 and in Kota 34.0. 

The writers observed no gross morphological characters within 
any class of wheat that could be correlated with resistance or sus- 
ceptibility. Schmitz (14) concluded that awnless varieties of common 
wheats were more susceptible than awned varieties and that pubescent 
varieties were the most susceptible of all. The writers found no ap- 
parent correlation between reaction to head blight and pubescence and 
the presence or absence of awns. Nearly all the durums tested were ~ 
awned, and, as previously stated, they were very susceptible as a class. 
Selections within a variety that do not differ greatly in morphological 
characters often react differently toward scab, thus supporting the 
observation that there is no obvious correlation between reaction to 
scab and morphological characters. Furthermore, some of the suscep- 
tible lines from Marquis x Haynes Bluestem crosses resembled the | 
susceptible parent in morphology, while others resembled the resistant 
parent. This was true also of selections from the Marquis x Preston 
cross. 

It is evident from Tables I, II, and III that there are marked dif- 
ferences in the degree of infection in the same varieties when grown’ 
the same year at Waseca and University Farm and also when 
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grown at the same place in different years. Statistical studies were 
made to determine the degree of correlation between the percentages 
of infection of the same varieties grown at different places in the 
same year and in the same place in different years. All-calculations 
were carried to four decimal places, and the number was then reduced 
to that suggested by Kelley (12). Results are given in Table IV. 
All the correlation coefficients given in the text are based on calcula- 
tions in which the percentage of scab infections was carried to tenths 
of a per cent. The reaction of the varieties presented in Tables I, 
IJ, and III are given to only the nearest whole number. 

The average percentages of infected seeds for the varieties tested 
at Waseca in 1923 and 1925 were 1.2 and 1.1 respectively. The cor- 
relation between the infections for these two years was + .65 + .06 
(Table IV). The average percentage of seed infection for the same 
varieties and strains at University Farm was 0.4 and 4.9 respectively. 
In this case the correlation coefficient was + .35 + .o9. Apparently 
the conditions for infection were more nearly the same for the two 
years at Waseca than at University Farm. It is of considerable 
interest that a correlation coefficient of + .65 + .06 was obtained, 
when the mean percentages of infected seeds were only 1.2 and 1.1 
for the two years correlated. Apparently reaction to scab at Waseca 
was strongly inherited under the conditions of the experiment. The 
lower correlation at University Farm may be partly explained by the 
low percentage of infection in 1923—so low that it was difficult to 
determine statistically whether the varieties grown were really resistant 
or had merely escaped infection. A higher correlation was obtained 
between percentages of seed infection of the same strains at Waseca 
and University Farm in 1925 than in 1923, as shown by the correla- 
tion coefficients of + .59 + .o4 and + .42 + .08 respectively. 

At University Farm in 1925 and 1926 the average percentages of 
infected heads were 29.6 and 8.2 respectively, while the average per- 
centages of infected seeds were 7.4 and 3.1 for the same varieties. The 
correlation coefficient for seed infection was + .22 + .10 and for head 
infection + .15 +.10. Neither can be considered statistically signifi- 
cant. The same strains and varieties were grown in two series in 1925, 
one series being planted two weeks later than the other. The average 


_ percentage of infected heads for the first series was 29.6 and for the 


second 5.1. The correlation for percentage of heads infected in the 
two plantings was + .19 +.10. The average percentages of infected 


seeds in the same varieties were 7.2 and 2.2 respectively, and a cor- 
relation coefficient of + .38 + .o9 was obtained for the two plantings. 
Apparently time of planting has a very marked effect on the reaction 


of varieties to scab infection. From 1925 to 1927, inclusive, a much 


larger number of varieties were tested at University Farm. The 
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average percentage of heads infected for 71 varieties of vulgare wheats 
was 10.1 in 1926 and 15.7 in 1927; for the durum wheats it was 12.7 
per cent and 52.4 per cent respectively, for the same two years. The 
average percentage of infected seeds for the same vulgare varieties was 
4.4 in 1926 and 8.3 in 1927; for the durum varieties, 6.7 in 1926, and 
30.3 in 1927. Correlation coefficients of ++ .02 + .08, + .06 + .05, 
+ .06 + .05, and +.05+.05 (Table IV) were obtained for both 
head and seed infection he the reactions of these strains of wheat 
to scab in 1926 and 1927 were correlated. It is evident that there 
was no significant correlation between the percentages of infection in 
1926 and 1927, when the percentage of either infected heads or infected 
seeds was considered. 

An attempt was made to determine whether there was a correlation 
between the severity of head blight and the percentage of seeds infected. 
The results are summarized in Tables V, VI, and VII. The correlation 
between two series, A and B, of 116 varieties of durum planted at the 
same time was essentially the same whether the percentages of infected 
heads or of seeds were used in calculating the correlation coefficient. 
They were respectively + .66+ .04 and + .62+.04. There was 
a correlation of +.91 + .o2 between the average percentage of heads 
infected and the average percentage of seeds infected in 41 varieties 
grown at Waseca in 1926 and 1927. In a similar study of the 41 
strains grown for three years and for 71 vulgare and 154 durum 
varieties grown for two years at University Farm, correlation coeffi- 
cients of + .87+ .03, + .92+.01, and + .86 + .o1 were obtained. 
Further, there was a correlation of + .87 + .o1 between the average 
percentage of heads infected and of seeds infected in the 116 varieties 
of durum wheat grown in two systematically distributed plots at 
University Farm in 1927. Blakeman’s test was applied to each of 
these correlations, and regression was found to be essentially linear. 

One of the primary purposes of this study was to determine the 
extent of inheritance of reaction of wheat varieties to scab infection. 
In the studies reported here no significant difference could be demon- 
strated between correlation coefficients obtained from heads infected 
and seeds infected in the same varieties and lines grown from year to 
year or in different series grown in the same year. The correlation 
coefficient of ++ .65 + .06, obtained from the percentage of seeds in- 


fected in the same 41 strains grown in 1923 and 1925 at Waseca, and 


ef + .35 - .og obtained when the same varieties were grown at Uni- 
versity Farm in those years, indicates that in these cases the factors 
for inheritance apparently played a far, more important part in de- 
termining reaction at Waseca than at University Farm. 


No significant correlation coefficients were found between reactions : 
of either vulgare or durum varieties grown at University Farm in — 
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1925 and 1926 or in 1926 and 1927. Apparently conditions for infec- 
tion of these varieties in 1925 and 1926 or in 1926 and 1927 were 
quite different. 

From the correlation of + .87+ 0.2 between the average per- 
centages of head infection and seed infection in 116 durum wheat 
varieties grown in two plots the same year, the percentage of seeds 
infected in a given variety can be predicted with considerable accuracy 
if the percentage of infected heads is known. (In this case the per- 
centage of seeds infected ranged from 3 to 87.) For practical purposes, 
in view of the much greater ease with which notes may be taken on 
heads infected, and the fact that all correlation coefficients determined 
between percentages of heads and seeds blighted were at least + .86, 
it seems fair to conclude that data on head infection in Minnesota 
may replace notes on seed infection. 
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Fig. 2. Fluctuation in the Development of Fusarial Head Blight on Three Varieties of 
Wheat Artificially Inoculated at University Farm 1021-23 and 1925-28 Inclusive 


The degree of scab infection in the same varieties may vary greatly 
from season to season (see Fig. 2). In 1926,.at University Farm, 
the percentages of infected heads were 3.3 for the durum variety 
Sineuska, C. I. 4o10; and 1.0 for Kubanka 8, C. I. 4063; but in 1927 
they were 100 and 57.8 respectively. On the other hand, Reward, John 
Brown, and Marquillo were much more severely infected in 1926 than 
in 1927 (Table 1). Preston was resistant four years out of seven and 
Monad fairly susceptible five years out of seven at University Farm 
( Table II). It is evident from the low and statistically nonsignificant 
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correlation coefficients obtained in these studies that several variables 
strongly influence the percentage of infection. It seems probable that 
these variables may be meteorological conditions and the prevalence of 
different species or physiologic forms of the pathogenes. 

Head blight of wheat may be caused by several species of Fusarium. 
Atanasoff (4) lists 7 species that may cause head blight and several 
others that may cause root rot, and points out that the different ones 
may have different geographic distribution. For example, Gzbberella 
saubinetii (Mont.) Sacc. commonly causes scab in the United States, 
Bulgaria, and Southern Russia; F. avenaceum (Fr.) Sacc. commonly 
causes scab in Northern Russia. Atanasoff concluded that approxi- 
mately 50 per cent of the head blight in Holland was caused by 
F. culmorum (W.G. Sm.) Sace., altho he found G. saubinetu also on 
about 40 per cent of the infected heads. Both species were common 
in Germany, where Calonectria graminicola (Berk. & Brm.) Wr. is 
said to cause a considerable amount of Fusarial head blight of 
wheat. Dickson, Johann, and Wineland (8) concluded that 94 to 98 
per cent of the head blight of wheat in the central and eastern states 
of the United States was caused by G. saubineti. Preliminary studies 
by Tu (18) indicate that this is not always true for Minnesota. In 
1926 he repeatedly isolated several pathogenic species of Fusarium 
from scabby wheat. It seems clear, therefore, that several species of 
Fusarium may cause head blight of wheat. Furthermore, as shown by 
Tu (18), there are striking differences in the temperature requirements 
of some of these species. Obviously, then, considerable variation in 
the degree of infection of varieties in different seasons and different 
localities may be expected. 

Not only do different species of Fusarium cause head biel and 
seed blight, but there is evidence of physiologic specialization within 
some of these species. Greaney and Bailey (9) found at least four 
different cultural forms of G. saubinetu. Two of these were virulent 
pathogenes ; the others were much less virulent. Tu (18) was able to 
distinguish three physiologic forms of F. culmorum by their cultural 
characters and parasitic effect on heads of wheat and barley. It seems 
likely that there are many physiologic forms of several of the species 
of Fusarium which cause head blight and seed blight. This fact would 
partially explain the variability in the apparent resistance of varieties 
at different times and in different places. 

Not only are there physiologic forms of some of the wheat scab 
pathogenes, but it is likely that new ones are being produced. Physio- 
logic forms of some fungi have been shown to mutate frequently. For 


example, mutation occurs very commonly in the smut fungi, particu- . 
larly Ustilago zeae (Beck.) Ung. (16) and some of the Fungi Im- ° 
perfecti such as Helminthosporium sativum P., K. and B. (6). Brown 
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_(5) has shown that mutation is fairly common in certain species of 
Fusarium. Recently Tu (18) observed mutation in F. culmorum, a 
virulent pathogene on wheat and barley in Minnesota. It seems likely, 
then, that the virulence of physiologic forms of various species of 
Fusarium may be changing considerably as a result of mutation. 

Meteorological conditions also constitute an important variable that 
probably accounts for some differences in behavior of varieties with 
respect to scab. For example, Marquis wheat becomes heavily infected 
with scab in many years in southern Minnesota. At St. Paul, how- 
ever, one may spray this variety repeatedly with a suspension of 
conidia of various scab organisms and yet in certain years little infec- 
tion results. In the northwestern section of the state there seldom is 
more than a bare trace of Fusarial head blight. This may be due partly 
to the fact that relatively little corn is grown in that region. Qn the 
other hand, precipitation and temperature are quite different in north- 
western and in southern Minnesota. The effect of meteorological con- 
ditions on the development of scab is shown further by experiments 
made for four years at University Farm. The same varieties of 
wheat were grown on uniform land but were sown at different dates 
(Table VIII). In 1923, for example, the average percentage of head 
infection for 52 varieties sown on April 27 was 4.9 and for the same 
varieties sown a week later it was 3.1, and there was almost no scab 
when these varieties were sown two weeks later. In 1925 and 1926 
there was the same general ratio between the percentages of infected 
heads in the plots sown at different dates, altho the percentages of 
infection were higher than in 1923. In 1927, however, conditions were 
reversed. There were 5.7 per cent of blighted heads in Marquis and 
43 per cent in Monad sown on April 29. But in Marquis and Monad 
sown on May 6 infection was 100 per cent. When sown one week 
later, May 13, the two varieties were still severely infected, the per- 
centages being 86.7 and 96.5 respectively. In 1925, on the other hand, 
only 1.5 and 0.5 per cent of the heads were infected in Marquis and 
Monad sown on May 6. The same general relationship held for per- 
centages of infected seed: 

Rainfall appears to be one of the most important meteorological 
factors influencing the degree of infection. This is borne out by 
numerous field observations made by the writers and other investgators. 
Atanasoff (4), Scott (15), and others have concluded that an abun- 
dance of moisture is conducive to Fusarial head and seed blight. It has 
been supposed that rainfall is most effective in promoting infection when 
_ it falls at flowering time or shortly thereafter. According to Dickson, 
Johann, and Wineland (8), initial infection occurs principally through 
the anthers of the stamens. Adams (1) found the first evidence of 
infection in the developing embryo. Atanasoff (4) maintains that 
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infection may take place as readily soon after the disappearance of 
the anthers as earlier. In his experiments, infection resulted from 
artificial inoculations made at any time from flowering until the 
medium-dough stage, altho he concluded that the host was most 
susceptible at flowering time and shortly thereafter. He is of the 
opinion that infection does not necessarily take place through anthers 
but may take place at any point on the spikelets where suitable contact 
can be made between the pathogene and the host. It seems likely, there- 
fore, that abundant rainfall from blossoming time until the dough stage 
would be conducive to the development of scab. 

Weather conditions also influence the progress of the disease after 
the infection has taken place. The pathogene usually spreads rapidly 
when a few hot rainy days follow the flowering period of wheat, and 
symptoms of the disease appear within a few days. If conditions 
remain favorable for the development of the pathogene, it may extend 
5 or 10 cm. and sometimes farther down the stem of the infected plant. 
Consequently the heads often ripen prematurely. Even under favor- 
able conditions, the rate of spread of the pathogene and the symptoms 
differ in different varieties. The discoloration of the peduncle may 
be gray in some varieties, brownish in others, and creosote-like in 
still others. Fairly high humidity is essential for the production of 
conidia on infected plant parts. Severe infection, however, may occur 
without any conspicuous signs of sporulation. Sporulation usually is 
not abundant on infected varieties at University Farm. 

There is always a possibility that varieties may escape infection. 
This undoubtedly is true of some of the varieties grown in 1925, 1926, 
and 1927. In 1927, for example, most of the early maturing varieties 
were relatively free from infection, altho they had been heavily infected 
the previous season. This was true particularly of Reward, Red Sask., 
and Quality (Table I). Arthur (2) found that head blight was more 
severe on late-maturing than on early-maturing varieties, and that 
delayed maturity of early varieties resulted in heavy infection. This 
may be true for certain varieties’ and certain regions, but it is not 
universally true. The durum wheats as a class mature later than the 
common wheats and are more susceptible to scab, but resistance within 
the durum class is not correlated with, the time of heading or with the 
date of maturity. The same is true of the common wheats. 


SUMMARY 
1. During the last nine years more than 350 spring varieties, selec- 
tions, and hybrids of Triticum spp. have been tested for relative sus- 
ceptibility to Fusarial head and seed blight at University Farm, St. 


Paul, Minnesota. Fifty of these varieties were tested at Waseca, 


Minnesota, also. 
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2. All of the 350 varieties, selections, and hybrids became infected 
to a greater or less degree.. 

3. The common wheats were more resistant than the durums, altho 
some were very susceptible. There was considerable variation in re- 
sistance to scab in the durums also. 

4. A study was made of the behavior of crosses between susceptible 
and resistant parents at University Farm, St. Paul, and at Waseca, 
Minnesota. Most of the hybrids from Marquis x Preston and from 
Marquis x Haynes Bluestem were intermediate in their reaction to 
scab. Some of the lines were as resistant as the resistant parent. All 
the Kota x Marquis crosses studied were susceptible. 

5. No apparent gross morphological characters within any class of 
wheat appeared to be highly correlated with resistance or susceptibility. 

6. No statistically significant differences could be demonstrated be- 


-tween correlation coefficients obtained from heads infected and seeds 


blighted in the same varieties and lines grown in different years, or in 
two different series in the same year. The correlations between the per- 
centages of heads blighted or seeds blighted in the same varieties ranged 
from + 86+ .01 to + .92+.01. Therefore it seems fair to conclude 
that, for practical purposes, data on head infection may be used to 
replace notes on seed infection in Minnesota. 

7. It was evident from the very low and statistically nonsignificant 
correlation coefficients obtained between the percentages of infection in 
varieties grown in the same year but sown at different times, or grown 
at the same place in different years, or at different places in the same 
year, that a number of variables strongly influenced the percentages of 
infection. These variables were probably differences in meteorological 
conditions and in the prevalence of different species and physiologic 
forms of the pathogenes. 

8. Considerable caution is necessary in drawing conclusions from 
the results of varietal tests unless they are conducted for several 
years under carefully replicated and controlled conditions. 
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PERCENTAGE OF FusArIAL Heap AND SEED BiicgHT ON WHEAT VARIETIES INOCULATED 


ARTIFICIALLY 


Species 
and 
varieties 


Triticum vulgare 
NAGE tig ete erare int eusia 


Bunyip taselase = * ae 
Canadian Red 
Geren Raye vorecre ins F 
Champlain (yas. ks... 3 
CT chete erates gfettie 
Colorado No. 50 
Converse ..::..... 
Wewance. eercisie oteiste.« 
Dicklow. ~ .....-...% 
Early Defiance 
Early Red Fife 
Barter ire erate erie '« 02 
Heri yrattpeeian Saree ateit i 


COR incase ra fors%e ia eb he 
NGAI OG ean ae oss 
Reis ledw | iieicle lorshs«4 <= 
Gry = 7.55.0). aie. os 
GVPSURY a w)eca's ins 
Hard Federation ... 
Haynes Bluestem 

Hiampback Gia. \s2.- 
ETAT Wedel oye evs art c\ied« 
PESO Suwa dase ae es 
MIAH electigie de <5 
BRYCE MMS Se eaves co oan 
John Brown ...... 
Ueto} ble Se ee 
Witehenér 9 .....%..5 
IS(QHET | Sele Savi ceeenciean 
WAG Salen a aioe. <= 


Sib Ser hiG ee Ey Laee ae 
AVES HOUMIS! Apaiec.bicreese. 2 
Marquis x Kanred, 

Minn. 2219 ..... 
Marquis x Kanred, 
Minin: 2223 '-.\.. 05 
Marquis x Kanred, 
Witmaia eT 2 TOS vad 5 
Marquis x Kanred, 
Minn. 2220 :.... 
Marquis x Kota 1656 
Marquillo, Minn. 2202 
_ Mexican Bluestem.. 
» | New Zealand ....... 
F Noman atcvclsjere sis a's! ss 
Pacific Bluestem 
Palvsqde) + iN.) c/s ate 0.2 


TABLE I 
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IN THE Fietp at Untversiry Farm, St. Pavt, 
MINNESOTA, 1925-27 INCLUSIVE 
Percentage of heads Percentage of seeds 
Degree of infected* infected 
C.I. No. infection, 

1925 1926 1927 Av. 1926 1927 Av. 
1607 Ty 5 19 12.0 I 9 5.0 
4991 M 20 14 17.0 “fp 4 5-5 
5125 H 27 30 29.5 II 16 18.5 
6282 24 39 31.5 13 16 14.5 
6900 na 20 17 18.5 9 5 7.0 
4782 M 3 23 13.0 2 8 5.0 
2227 H 57 oe arate 33 BO aoe 
4959 are 12 14 13.0 8 6 7.0 
4141 M I 2 1.5 a i al id & 
6477 M I 18 9-5 I 13 7.0 
3663 M 9 28 18.5 3 22 12.5 
6480 M 15 5 10.0 5 I 3-0 
4932 H 5 II 8.0 2 6 4.0 
4397 T Aa FEDS 20.5 I 24 12.5 
2397 oe Il 3 7.0 2 I he's 
4734 H 6 78 42.0 2 56 29.0 
5242 M ) 15 7-5 0) 7 3.5 
2308 od 4 2 18.0 2 17 9-5 
1517 i 18 5 D0.5 9 2 5.5 
2870 L to) 5 25 fe) I 0.5 
4762 M 23 57 40.0 14 Es 25.5 
4980 M 14 21 17.5) 8 It 9.5 
2874 sf fo) 2 1.0 (a) 2 1.0 
3690 M o 31 15.5 te) 19 9.5 
3315 ie 2. 3 2S Ay 1.0 0.5 
5208 Th 6 I a5 3 1.0 2.0 
4489 H I ar II.0 I‘ *10.0 Ses 
4966 13 3 8.0 5 2.0 BES 
2307 Se 33 I 17.0 14 1.0 7a 
4608 T— I I 1.0 I 1.0 1.0 
4800 H 5 25 15.0 2-10.14 6.0 
5878 4h 6 4 5.0 2 2.0 2.0 
4795 I 2 1.5 T 1.0 0.5 
6235 a I 5 3.0 uy 4.0 2.0 
6346 M 13 16 14.5 7 8.0 We 
3641 H 9 6 7-5 4.) 318-0 3-5 
2 15 8.5 a 6.0 3.0 
as fot) 14 11.0 73 8.0 5.0 
- 16 21 18.5 4 5.0 4.5 
8 17 12.5 24.1040 6.0 
=F 19 avg 15.0 8 6.0 7.0 
ee M 42 14 28.0 10 2.0 6.0 
6004 tal 4 46 3520 2 16.0 9.0 
_ 6014 1G, I 28 14.5 Toe uas.0 12,0 
4377 M 2 I Fas AN AR He 
4067 sys 5 8 6.5 I 3.0 2.0 
4798 L I 15 8.0 tr 5.0 2.8 


* The percentages in the table for 1926 and 1927 were reduced to the nearest whole 
number. The correlation studies in the text are based on calculations in which the percentages 
were carried out to the nearest tenth. 


2 


7 T= Trace, L = Light, M = Moderate, H = Heavy. 
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TABLE I—Continued 
PERCENTAGE OF FusartaAL HEAD AND SEED BLIGHT ON WHEAT VARIETIES INOCULATED 
ARTIFICIALLY IN THE FIELD aT UNIVERSITY Farm, St, PAvt, 
MINNESOTA, 1925-27 INCLUSIVE 


Percentage of heads Percentage of seeds 
Species Degree of infected* infected 
and C.I. No. infection, 
varieties 1925 1926 1927 Av. 1926 1927 Av. 


Parkers Marquis 


Mint.* 2227". 0's ities ae 17 6 rs I 4.0 2.5 
PIOHSEE Le were Shee 4324 T— 6 2 4.0 2 2 2.0 
POMC Gr se aie Sean dere 3697 , L I 5 3-0 I 3 2.0 
Preltsd @- ieee swrersiene 4323 Ss 7 8 7-5 3 3 3.0 
Preston” ac bene here 3328 4x 4 8 6.0 I 4 2.5 
Progress, Minn. 2225 bis fate II 4 75 3 I 2.0 
Proho. iecenwe ee aie 1970 ayy I 68 34.5 I 37 18.0 
OistaliGyn nisi uateon pate 6157 M 20 6 13.0 2 3 3.0 
Red Bobs ..... cea 6255 H 36 17 26.5 23 9 16.0 
Red MPITE. cleryihe- alee 3329 H 4 a 5-5 D3 2 1.5 
Red Sask., Minn. 

ROG > eieiveratce alate Sof: St 23 4 a8 7 2 4.5 
RESECE syn esis o brn 6390 M to) 9 4:5 to) 5 25 
Reward, Minn. 2204 dies te 34 te) 17.0 ba0) (s} 5.0 
Rink: fo eauweeeh sens 5868 H fe) 17 8.5 ° 13 6.5 
ERD Ys ok wn Cotes ares 6047 ae 14 2 8.0 6 I 3-5 
RaSh tiers set atest ota 3022 L- I 3 2:0 fh I 0.5 
Sovovrad stars ae 3036 M 5 31 18.0 4 20 12.0 
Stanley os acaveees 4796 M 10 4 7.0 3 I 2.0 
Stirpyise vs Gewese 2986 M 13 8 10.5 6 6 6.0 
POMSei c\. Warne eral 6047 H I 26 13:5: I ry 9.0 
Whebster-cin niyeurtao\sis 3780 aan 23 58 40.5 9 26 17.5 
Wrelliman wad secs 4144 M ° 3 1.5 ° I Os5 
White Federation .. 4981 M 35 4 19.5 19 2 10.5 
White Fife ....... 4412 L ° 5 235 ° 3 TS, 

Triticum durum 

Abl-el-Kodar ...... 2075 M 2 65 3325 I 41 24.0 
Acme sr, je tails Oa 5284 6 35 20.5 5 20 aye 
AGING rs entoar eater 1594 Se 10 55 32.5 6 28 17.0 
DAG that WL hana ese pire 4594 H 15 93 54.0 12 47 29.5 
eI Cena od tse 3844 H 14 71 42.5 9 36 22.5 
AR FOTBU s Shalam areals 6881 M 7 35 21.0 2 24 13.0 
Albacete tus ae een. 2091 Sf 2 28 15.0 1 II 6.0 
Atieniond. gatkeecdis 4595 T— 13 67 40.0 II 43 27.0 
Anchttelo ..4 ects o« 3280 H 3 32 1725) 3 28 15.5 
Asana tata wt caujecisrstoust 1493 M 7 16 ir.s 3 It 7.0 
Atnabkal ea atoriaievers 1431 M 4 23 13-5 3 nee 7.0 
Arnadtha: sewn nes at 1537 H 25 71 48.0 14 36 25.0 
HATNalitkcametrinien esis 1494 a i 19 10.0 I Io 5.5 
EADIE! mates Steaks sobs 4593 H 5 24 14.5 2 16 9.0 
IBAnsirne aie eee 4560 M 12 78 45.0 8 40 24.0 
Ba beim. aevennese eee» 3006 T-- I 16 8.5 to) 2 1.0 
Ber bert coc cvccei sete 4596 M 9 77 43:0 6 30 18.0 
BReliouni scat cca 3848 M Y27 66 41.5 10 34 22.0 
Beliount sa diah isan 3852 M 9 85 46.5 7 7A 40.5 
IBelxount aye nists es ers 3842 M ° 76 38.0 fe) 60 30.0 
Belottshey wien ate are feises 1520 M 8 60 34.0 3 29 16.0 
Bengak AS yates sis 5 5060 Ae 25 53 39.0 9 19 14.0 
IBISk ta cuit oman 4582 M 11 36 23.5 8 27 17.5 
BlackGDon <encisicsrers 1446 M 22 5 43-5 xe 16 8.0 
Blanca tow teccneia estat 2192 T— 16 Or est 5 71 38.0 
Blue “Beard. 24032) 6128 M to) 93 46.5 ° 80 - 40.0 
Buford: -)iosressee 5205 M 0 27 £315 0 II se 
Cowra No. 16 4738 H 4 78 41.0 3 68 35-5 ya 
DEA Gia wt ist oheine mes M 35 Sr 43.0 17 25 21.0 
WAVES Ty hte crosvare arate 5476 H 17 AQ 33-0 6 28 17.0 
Durum No. 7 ..... 3323 20 66 43.0 8 23 15:5 
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TABLE I—Continued 


PERCENTAGE OF FusarrAl. HEAD AND SEED BricHT ON WHEAT VARIETIES INOCULATED 
ARTIFICIALLY IN THE FieLtp aT UNiversity Farm, St. Paut, 
MINNESOTA, 1925-27 INCLUSIVE 


Percentage of heads Percentage of seeds 
Species Degree of infected* infected 
and C.1I. No. infection, 
varieties 1925 1926 1927 Av. 1926 1927 Av. 
Duruny No: ¢ <<... 3321 M 12 81 46.5 10 56 33-0 
Gharnovka... 2.0.0. 1447 M 38 87 62.5 21 43 31.5 
Golden. Ball. ..:.%% ; 5059 as ) 89 44.5 ro) 57 28.5 
isimai ts saree sista co-co- 1736 M 4 45 24.5 2 17 9.5 
Habla i te soiie te vis 2088 M 5 24 14.5 2 ba) 7.5 
Bee Pah haces 5529 mg 2 35 18.5 I II 6.0 
Retbanka fon eive site. 1440 M I 52 26.5 I 26 13.5 
Kuyparika “aoe: oa 1440-74 M 2 65 $305 a 57 28.5 
Wubaska ss 22 ic s'sc..s + 1440-94 at 4 61 32.5 3 36 19.5 
Kiumpartkas cc yusesia's « 1440-99 “M 20 70 45.0 9 54 2145 
(ai harcaese vats sci e-s 1440-117 a 2 39 20.5 eis 15 7.5 
suban kay cts tctaiste vn 1516 H 19 37 23.0 II 26 18.5 
Kubanka .......:.. 1581 M 10 67 38.5 7 28 17.5 
Kibarka= 2c wei 3715 M 4 88 46.0 I 68 34-5 
Kubanka No. 8 .... 4063 M I 58 29.5 I 23 12.0 
Lenah Khetifa .... 4585 AB 4 22 13.0 2 9 es 
Mahmovidi f.cs..5% 4591 H 5 57 31.0 3 35 19.0 
Mahmoudi Ag. 3 .. 4592 H 13 92 2.5 7 61 34.0 
MEEK ee ctasisieln fee 4590 M 18 68 43.0 Il 32 2125 
Marouant «s......:. 1593 M 4 63 33-5 B 24 14:5 
Marouant ..ce0c... 2235 M 14 26 20.0 6 ta 8.5 
SMEAPOUAMT Sieve cscs 5473 M 12 52 32.0 5 20 12.5 
Medeah an isis. vis. 4185 T— 6 50 28.0 2 39 20.5 
AVEC CEL el efetele css 0 4581 M 8 7 7.5 6 3 4.5 
Mindum, ....-..... 5206 M 5 16 10.5 2 6 4.0 
Miata) Setacctsye cis elere 3320 ted 3 43 23.0 2 32 17.0 
Mohamed ben Bachir 2087 M 3 80 41.5 2 66 34.0 
Nanairay Sissies, ses Ae 4583 M 20 16 18.0 5 7 6.0 
INGREO Is mic clk Borne 2090 <M 22 97 59.5 13 37 25.0 
NN ale nrateseccbcitee ios 6519 ae 2 40 21.0 2 16 9.0 
WeliSsiaeyviesniec wie a6 1584 a 12 60 36.0 4 39 21.5 
Pererodka i.) .8.05. 1515 M It 80 45.5 8 43 25.5 
Potia’ Nadiad ...... 4691 Ae 20 100 60.0 20 50 35.0 
VETS SC nlere oie. N «i eo 2089 M 2 87 44.5 I 68 34.5 
PSaragollae css. 2228 H 13 50 Bis 10 20 19.5 
; SHEN ate ey aiatiiccctas, «evs 4586 M 5 20 12.5 4 7 Ga 
PSTOUSK AT sy ali ots e'si8 4010 H 3 100 51.5 I 89 45.0 
3 OMEN eave e crate foeresais 4597 M 50 87 68.5 36 50 43.0 
Wapanrock, csi. 00» 4589 Ak to) 35 17.5 to) 23 11.5 
Waganrock' ./.%)....% 3979 M as 95 50.0 4 49 26.5 
PR CISL os aka as, ae aide 3266 M 9 85 47.0 2 67 34.5 
Theuniseen ........ 4184 on 3 32 17.0 i 12 6.5 
White Spring ..... 3009 M II 82 46.5 4 41 2258 
Yellow Gharnovka 1444 M 27 46 36.5 20 26 23.0 
Yellow | Gharnovka 2096 M 4 55 20.5 2 27 14.5 
BerviVelvet Don ...3... 2122 M 20 68 44.0 7 41 24.0 
_ Unnamed varieties 
a3 2691, M 10 15 Tens) 6 7 6.5 
3069 M 31 31 31.0 7 12 9-5 
3137 M to) 78 38.5 fo) 65 32.5 
3138 AN ° 86 43.0 to) 50 25.0 
3139 H 0 74 © Ars Sees 2 era 
oe : \ 3m4r M-> ° 94 46.5 ° 66 33-0 
{ 3143 eM ° 38 19.0 Co) 14 7.0 
ee a i 3144 At : 14 38 26,0 9 6 bs) 
Bee! 3146 M 21 93 57-0 13 52 32.5 
oe 3147 = Cm 7S nang 9=5 Bis 00m 1 6a5-6 
7. } 3148 a 10 27 18.5 7 13 10.0 
pe : eel aH 
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PERCENTAGE OF FusariaL Heap AND SEED BLIGHT ON WHEAT VARIETIES INOCULATED 


TABLE I—Continued 


ARTIFICIALLY IN THE FIELD AT UNIVERSITY Farm, St. Paut, 


MINNESOTA, 1925-27 INCLUSIVE 


Percentage of heads 


Percentage of seeds 


Species Degree of infected* 
and C.I. No. infection, 
varieties 1925 1926 1927 Av. 
Unnamed varieties 3156 M 14 71 42.5 
3161 H 4 42 22.0 
3162 M 47 19 33.0 
3163 H 12 49 30.5 
3166 At 35 21 28.0 
3169 M 4 “heh 40.5 
3170 ae 21 27 24.0 
3172 ay ) 19 9-5 
3173 M 9 44 26.5 
3175 H 5 77 41.0 
3176 H 2 90 46.0 
3177 M 25 19 22.0 
3179 We 3 23 13.0 
3181 H I 44 22.5 
3184 M 4 2 38.0 
3187 M 46 22 34.0 
3190 H 0 34 17.0 
3191 M 42 50 46.0 
3192 M 5 12 8.5 
3193 M 3 I 2.0 
3195 M 4 16 10.0 
3196 M 4 27 15.5 
3197 M 0 17 8.5 
3198 M 4 3 3-5 
3199 H 2 15 8.5 
3200 H te) 18 9.0 
3207 M I 54 27.5 
Ze H 2 10 6.0 
3226 M 22 7 14.5 
3230 H 3) “228 15.5 
3231 H 6 37 21.5 
3233 H 6 50 28.0 
3234 M I 52 26.5 
3235 M 2 26 14.0 
3236 H ° 53 26.5 
3237 H 4 90 47.0 
3238 H 20 23 21.5 
3241 Ey 5 68 36.5 
3242 M 14 16 15.0 
3243 M 38 75 56.5 
3244 M 18 63 40.5 
3265 M 28 46 37.0 
4074 ae II 93 52.0 
4076 M 18 70 44.0 
4526 are 28 12 20.0 
4544 M 0) 81 40.5 
4917 M 27 60 43.5 
4918 on 16 26 -2T.0 
4919 M 20 95 62.0 
4925 M 30 48 39.0 
5094 M 3 13 8.0 
51II tN 61 32 46.5 
5112 M to) 96 48.0 
5477 M oy 76 38.0 
6130 M II 23 17.0 
Triticum dicoccum 
Weriralis wos satiate 1524 ro) 31 15.5 
Triticum polonicum 
White Polish 3007 TT fo) 93 46.5 


infected 
1926 1927 Av. 
7 52 29.5 
et 29 16.0 
16 9 12.5 
3 22 1236 
8 6 7.0 
4 27 15.5 
14 I4 14.0 
° 10 5.0 
2 19 11.0 
3 45 24.0 
I 51 26.0 
12 9 10.5 
° Il 5-5 
gk 16 8.0 
I 59 30.0 
25 7 16.0 
° 14 7.0 
22 17 19.5 
5 3 4.0 
I AL: 0.5 
I 5 3.0 
I 14 7-5 
) 9 4.5 
2 I r.5 
ah 7 3-5 
° 10 5.0 
a 34 17.0 
2 6 4.0 
8 2 5.0 
I 10 5.5 
4 23 13-5 
2 32 17.0 
at 49 24.5 
T 20 10.0 
fo) 31 15.5 
3 47 25.0 
6 Gf 6.5 
2 32 17.0 
I 8 4.5 
24 58 41.0 
6 33 19.5 
10 28 10.0.4) 
II 68 39-5 
13 44 28.5 
16 pte y?: 11.5 
oy 40 24.5 
12 34 23.0 
8 8 8.0 / 
26 42 34.0 
20 32 26.0 
2 5 3-5 
40 8 19.0 ; 
t) 64 32.0 © 
° 61 30.5 am 
6 I2 9.0° 
\ 
° 9 4.57 
©) 63 BE-Sif 
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TABLE II 
PERCENTAGES OF FusAriAL Heap BiicgHtT oN NINE VARIETIES OF WHEAT ARTIFICIALLY 
INOCULATED IN THE FrieLpD at University Farm, Sr. Paut, MInNeEsoTA, 
1921-23 INCLUSIVE, AND 1925-28 INCLUSIVE 


Species, variety, Percentage heads infected 
and number 1921 1922 1923 1925 1926 1927 1928 Av. 
Triticum vulgare 
Glyndon Fife, Minn. 163 ........ I 2 oO 9 0 5 err 4.0 
Kitchener, Minn. 2153 .......:.. 2 19 5 71 5 25 60 26.7 
KOEAy EES SPORE cielc) atc, suave s,e<00 0 6 2 4 4 69 6 3 34 17.4 
Marquiss Minty, 1230 0.8 s600.55- 7 33 7 65 9 6 28 22.1 
Prelude ss mld ge stler) ov slanaio ss 3 8 4 12 7 2 41 11.0 
Preston, Misti 9274 4c seis sce i 7 3 44 4 17 6 11.6 
Triticum durum 
Acme,, Minh! 1060702 i ciaecsicse'ss 8 2 4 76 9 35 90 36.3 
Mindum, Minn. 470 .........3... 12 26 3 33 12 16 73 25.0 
Monad, "Minna )2156)..0 cc. «ees II 38 10 gI 7 43 8x 40.1 
TABLE III 


PERCENTAGES OF FusartaL Heap anp SEFp BLIGHT ON WHEAT VARIETIES AND HyspRips AT 
WASECA IN 1923 AND 1925, AND AT UNIVERSITY FARM IN 1923, 1925, AND 1926 


Percentage of heads infected* Percentage of seeds infected 
Hybrid or variety University University 
and number Waseca Farm Waseca Farm 
Byoos25 JAv.0 6.2925 "26 Av. 723," 25 Av, ..7233'25°'26) Av. 
Hybrids 

Marquis x Preston II-15- 37 9 7 8.0 3122) 1211233 aye Mame 613) s be ae ey 
II-15- 5 18 11 14.5 6 35 20 20.3 eae Te tpl THILO” “7.650 
TI-15- 6 16 8 12.0 II 35 13 19.6 ape Mee AS) i =36-- 4) aed 
Il-15- 7 15 14 14.5 4 29 9 14.0 2 ge 30 eae She AEG. 
Pers '8) 16 3° 10:5 6 18 15 13.0 be as Gare dato} Hr! 20: -13k0 
Il-15-10 12 5 85 eit AcweGMianoe Mae Te reepukleweae 
II-15-11 AE Be Bi. 0: LOU 4,0 liga Pence iauyeay 
PETS -1%. 12-7) 925 3 16 25 14.6 i oh ck 8 D3. tov as 
I]-15-16 13 4 8.5 6 28 20 18.0 [ae as | baa iy ae 
Jfi-15-17 15. 3 9.0 DULOUTT 1053 2 ies fea 
Tl-15-%9 «613 8 10.5 6 33 15 18.0 if it eh YO: T6265 4,0 
II-15-20 12 6 9.0 Sen es BORG i med Car tex} Se ee be 
TI-15-21 Y jaime Sula S43 4 35-9 16.0 7 a ee ie ae 
Ri-rs-22, 1g. 3 95.0 Eire R ol ty ewe) T (Eon ke HBR a ofl er 
TI-15-23. 8 2 5.0 Sih" 01) 518 fee Some 0 ‘Tar osx 
Pi-rs-24"-7 6 6.5 Cay) ae ey Le aCe) I Ae RR DONT tee | 
Utenss25 6. 37 4.8 Tatse 550 terre. Ona iae tO 
Il-15-26 10 7 85 4-45 12 10.0 Tweets amo Semedwe Aca 
Jf-15-28 15 3 9.0 2 S446 DPD SARS Ae tel CO NY 
II-t5-29 18 9 13.5 3042.0 72783 ay ie AOA ewe 

Marquis x Haynes = 
Bluestem bemsesmy os). 2 0 305 Om Oust 229 jt ate one! (ores ened Dees 
WE-x5-32)., 0 .2 6.0 UGA as 400: Tye ess Ons Ti 2 Ve HG 
Ei-rs-340 10 9- 6.0 Dye Te aO 2 as Ce ee A eevee ee Po} 
lens -36) wa) 1340 One ne tc) i Lia A Docc Cy Of Bunn x0) 
II-15-39 68 65) «(6.5 AZT BT os Bie a DO th DUST gutta 
TI-15-40 7 .1 4.0 4°27* 5 10.6 Bel tated iy gf RINGS Bs fae ver} 
II-15-41 16 3 9.5 E-i6o' yt 720 ei Sty Sire Red Eig $05) 
Ey seq2\—0 6 3h -4.5 Fete ig aoe ED ico Te sien Me erarahage 
Marquis x Iumillo II-15-43 15 3 9.0 6 48 12 22.0 oy i Tas I 14 6 7.0 
4 OIers-4ac- 13 3) 8:0 5 24/0 12.6 Lie ily TG TAO 9, oAc6 
T-15-59 14 IT ylo 11 24 6 13.6 Pose ot,5 Te 0, 624.38 
) Tl-x5-53 20°.2 11:0 aR ety! B23 eg as ee Dogo Ant 
TI-15-55 16 § 10.5 9 28 12 16.3 5 a ee 4 J Feevo! S60 


ooo 
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TABLE Il1—Continued 


PERCENTAGES OF FusariAl. HEAD AND SEED Biicur oN WHEAT VARIETIES AND HyBRIpS AT 
WASECA IN 1923 AND 1925, AND AT UNIVERSITY FARM IN 1923, 1925, AND 1926 


Percentage of heads infected* Percentage of seeds infected | 
Hybrid or variety University University 
and number Waseca Farm Waseca Farm 
'ag"25 Ay. 7°23 25 "26 Av. ’23’26 Ay. °23,'25.726 Avy. 
Marquis x Kanred JI-18-8 9 7 80 4 34 4 14.0 tT) .0) OLIN 2s 4.3 
Li-18-§7 124 2. 70 140 8 16.3 ce ee FP a9rG2- 56.0 
IJ-18-58 12 2 7.0 I 74 4 26.3 tb es T Fi9w ih e:3-3 
TI-B2ans tas Soro Basa edi aes, 2. Sreeatas EOC a sae 
JI-B8-11 21 11 16.0 2 69 9 26.6 2) Poh T2si 4. 6:6 
Triticum vulgare 
Glyndon Fife, Minn. 163 .. Ga OAS 0 9 0 3.0 tema! ley SM iy 6” 2°.) "0 
Haynes Bluestem, Minn. 169 £ 2.8, Gira, - 60 gerne i Nd ee id py, Pals 
Kitcheners.C./ I, 20g asin 20 ny 8.5 5 70 5 26.6 2, 43:6 Laehee 1.0 
Kota; Gab Ta 6878 ys. cube che ene ry $s 9ls 4 69 6 26.3 TS So8 Po LOes 2078: 
Kota x Marquis, N. DD. 2656. 3. “Se cc 69 . Ee Pi TO7: 
Marquis, Minn. 1239 ...... 16 15 15.5 9 65:79. 27.0 2 “Ao E may as 
Marquis x Wkota, NepDt 1658) Siac arse pa OO te aie Say ak a ania 
Preston, Minn: 924 ).. 4... TO) 12, 61616 3.44 4 17.0 Lb paeo TAL 4.0 
Prelude, ‘C2 0) 4923 its adore Boe Rat ic Ae oP .G I Riaore Tae 3.0 
Red: Bobs; (OU. et s3- 7 ee ee Os 4 40 37 27.0 2 2°20 Tonga) S20: 
Ruby? Ce lyse Sia ae ener Gh. Ass 3 18 14 11.6 1 On Bao ¥ Greece 
Triticum durum 
Acie: Ci PAS QO7 ip ehemalake 34 II 22.5 4 76 9 29.6 Saha I 26 23 16.6 
Arnautka, C.-T. 2x03: 3.055 EG) 6 7. AO ISes 5 We 6), Te 
Kubanka, .C:) I) 2204s vive 26 15 20.5 Cae tee eek: 3. GA Uh az) alosins 
Mindum, Minn. 470 ...... S14 680 3 33 12 D6.0 £0) FSS "ET Yay A526 
Monad, "Gs ii 3320; anaes 23 17 20.0 TOOL) 773600 2. ae ase, 2 31 4 12.3 


* The percentages in the table for ’23, ’25, and ’26 were reduced to the nearest whole 
number while figures in the text are based on calculations in which the percentages were carried 
out to the nearest tenth. 

+ Nursery stock numbers. 


TABLE IV 


PerceNTAGES OF HeEAp BricHT IN WHEAT VARIETIES AND Hysrips Grown In DupPLICATE 
Serres at UNIVERSITY Farm, St. Paut, MINNESOTA, IN 1928 


Percentage of heads infected 


Variety and number Series A Series B Average 
Triticum vulgare 
Bobss: Cy N eA Gitar wa ees tcuta tute eas ae etecguatel serene 63 95 79 
Geress26583 Minn aczagi Aare tei steeieatenice etree 40 31 36 
Gltul; Gr 1. “ebay i Ricca agar sbeaeie Seek sien jets oie 64 94 79 
Convyerse;si Cn Let ara n Wink taictnateore adecarey eonvattve erase 8 4 6 
Erivany s Ca2lit2 3070 Winctsrrre a laiay i tsswveisy sie toate ats 66 66 66 
‘Garnet Minnlt 22 203i esis icjsucte cinta cdedounrr inca retaes : 16 13 15 
Glyndon, 1G) Ti we8y ol Siaciacercs sxe micitelss sees II 10 Il 
Haynes) Bluestem (C: T2874) canes ae alvidieie ole 5 12 9 
Hope nt Ca Taper 7Seccrs civiceseen Gisrs a saci ieee tere eee 23 5 14 
Humpback, | Cagle 360082 sore teers eerie ore Io 10 10 
JB Roe Lop al Caen Eve Chl eid a Migte.5 JEON i ciero.d GOO BOGS 2 6 4 
TavarnG.. Tet ¢ OG vemee cin cetete oie snarencueretsmennnecee aac 37 70 54 
itehener int Go dea A SOO nmais state -kel at aReaeryeegs cones at enero tee 26 95 60 ‘ 
IRGYENS MORN ESE Ayn Sale Gein ao mace OE GOW DEN OIG 0 48 20 34 
Deviine \Cn 63 A Greener setae cinta neaietetd ateaunara 18 10 14 
Mar quilloys Mint 22022 yey tataielarsesyeole ithe steteiets “40 25 33 a 
ML ArQinisy: “Cale CoG a vases iter as atiare sdittetetantepa ste 17 40 280 


Parkers: Marquis, *Minn; 2222) «aie. ee «ek easeiaises 20 23 22 
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TABLE IV—Continued 


PERCENTAGES OF HEAD BLicHT IN WHEAT VARIETIES AND Hysprips Grown 1N DUuPLICATE 
Serres aT University Farm, St. Paur, MInNEsota, IN 1928 


Percentage of heads infected 


Variety and number Series A Series B Average 
MAC eMURias UA ARh Eesha Sian Qin Kano ee t's gl 51 41 
PE GUMeSSa MUNIGINIGN 2225. \ 4) salyiiefe iain seis sivas ie canes 16 5 II 
Ota ksiy eet ia Ty 22 Oe: te aaa ats ci nleyeceisigiso a vie 0 ue 94 92 93 
TREC SLL, Toh Beg 7 Ra 6 40 2 
Red Saskatchewan, Minn. 2193 ........0..+0- 73 82 77 
SRS Ges ene IN GIS OO te ahd ns (oe, opdl'dupfo.¥nd we ign > 2el'e a) © 10 10 10 
Eee Are PIII OZO4, sree hiv coe cs eS ioe ov celal oe 70 84 77 
OLRM GOA ye arclelgialclnis aa Soisisie les alsye av sjad's's 42 20 31 
STOPES AEROS CPR CE Oa ce ee nna ee eee ee 95 90 93 
RSEAep eee ree nO Ol fe eta) iest 5 faole os cievavs s sieca-w on 12 10 II 
WWVicbStetmmtogs ig7 OO) fos sichara celtic ob. 0 vives shee oe 16 27 22 
Wihite ederation, G.. 1. 498% 0. .6255 0.660 ee0 67 95 8r 
Hybrids 
Mota comMarawis, Minn. 92242 oc. e dee cee 89 77 83 
Kotarx Marquis, Minn: 2245... 0.62. cre eens 95 77 87 
KotarecoMargais, Minn, 2244 vince c sence 93 84 89 
Mota Marquis, Minn. 2224 0... ees see cs anes 83 80 82 
Kota x Natural Cross, Minn. 2240 .......... 6 6 6 
ater eet De MGA. 2296) ok ace ie wise ece ees 2 18 22 
Marquis x Kota 1656-85, Minn. 2298 ........ oe 66 79 
Marquis x Kota 1656-85, Minn. 2238 ........ 84 81 83 
Marquis x Kota 1656-85, Minn. 2236 ........ 89 72 8x 
Marquis x Kota 1656-85, Minn. 2237 ........ 74 15 45 
Triticum durum 
ESTA (OS CIRM EEE 1 SS Se 88 93 90 
PARE CNET NERO GOT 0 Gooey) cls oa 010, 5,01e) 0 piesa, sieve lone 57 18 38 
Sper curate RITA G AM ccs) vis lesa) o's cece altel a cae 3 19 Ir 
enema n COMM SPMRT ILS ZOI NIC 0s )s 5) o-5/4(01s 2+! «604%. 6 ayaa otalae ove 70 8r 76 
JOSIE, ofa Sct LEE Ce oe Ses ER 85 83 84 
Ep lkating IN CC Is Gee) Sth eee ae 94 92 93 
PirrseE Moy ELSON cheers 010s ene. 6 eiayso.g + seve eusie's 67 30 49 
pet ted Menmm TRS ZOU ry ctclerds s wiaie)e oisri% Gisele si eltle es 77 70 74 
Ree TET i cen ROT MAE AA ON Vale re yinici slo (diate s/s yisce'e aes 98 87 93 
aianiet NG Sa Ce Me 4063) ocietee cece sswee 96 94. 95 
ONION RAG OZ irs cistisle isis) s'e:016, a0. 0le afetasise ae 6 89 100 95 
VCO MAT ee COMTENTIS GS) less cicie kee ction ne aciy secs + QI 76 84 
BVinm eT CES 200. 5 a5. Fees eee cence erdee es 68 79 73 
Monade@, 91.) (3320. 2.2.08. 0 Ret. Bocktanseates cereus 89 73 81 
UNM SPMOUMEIORT OU fste co a calc sjececs a slo 'e sala stews 65 66 66 
Cape AN Mat iain eave wie sore e ape ale oldie alvieit 83 60 2 
Levels (Ge 2 Cee TNO ee no 81 33 57 
RSME eG AO LO! ba cia). a/elc\s «aie cio aisialaceese 6) 2 100 92 96 
Welw DOM CoN e 22220 ii eican esis oabiels eases 94 33 64 
Unnamed varieties 
Re MMe AMUN Tee Pal atc. ase ols 4 «| Siata/ vie wiT nla sd ave vas 12 19 15 
(Co Li Sith, S55 7 Scheel Oe ene 92 07 95 
Pa OG MERCIA T TOs Selo cis audi disse a8 o eteCasrtlae sins 93 90 gt 
fe Sri a ccrate: cytes spaivic vss ris.seulslctwes vs 85 96 QI 
Re SO Metera cel iota ons ea: «les as 'aSaie' e'alia) elgseep'e'-0.0 I ° I 
Come gag it is Shinde BRA Oo CREO SRCR I ERE Caer eae 86 90 88 
ROME PAG Mrmr iota neice fe sf Pte tide a ecw sare iareats!éce 90 92 gt 
eee OL ON assis etsipisicisis = eales oh 62 « denne 05 97 96 
ORS ee MAY Ne alereieaie ohhh ei octyeic'e eit a-apeinaca we e.0 3 8 6 
Triticum dicoccum 
ert Tene wank A OLR,” 526 audore,.eeraaia/she <a lsyere eee 95 98 97 
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TABLE V : 
CorrELATION Between Reactions To FusartaL Heap BricHt oF WHEAT VARIETIES GROWN AT 
DIFFERENT PLACES IN THE SAME YEAR, AT THE SAME PLACE IN DIFFERENT YEARS, 
AND IN DupLicaTe SERIES IN THE SAME YEAR* 


No. of vari- 


Head or seed ties or Correlation 
Species Location and year of test infection selections coefficient 
correlated compared 
Triticum 
vulgare 
Waseca, 1923 and 1925 ...... seed 41 +.65+.06 
Waseca, 1923 and 1925 ...... head 41 +.52+.08 
University Farm, 1923 and 1925 seed 41 +.35.00 
University Farm, 1923 and 1925 head 41 +.32+.07 
University Farm, 1923 and 
NV aSGCa,: .TGS3) ori wpe ama cuentas seed 41 +.42+.08 
University Farm, 1925 and ; 
Waseca, Tobin otsctererterisiens store seed 41 +.59+.04 
University Farm and. Waseca 
(Average 1923 and 1925) .... seed 41 +.60+.07 
University Farm, 1925 and : 
EQZO.» Shaped sre sitet eer neces seed 41 +.22+.10 
University Farm, 1925 and 
LODQOu teense RGU TAS tS OES head 41 +.15+.10 
University Farm, 1925, Series ne. 
PME cVolE eh tat ee ttacin a,c e es Redon seed 41 +.38+.00 
University Farm, 1925, Series 
Aband Bir iewtes Heda ete ats head 41 +.19+.10 
University Farm, 1926 and i 
KO 27.5 cernseiiereres aes A DOS GOOG head 71 -+.02+.08 
University Farm, 1926 and ¥ 
OB sock states ovael sataseeterape aratene atet seed 71 +.02+.08 
Triticum 
durum ; 
University Farm, 1926 and 
ODT Wie nesses hier oattinn ctmad head 154 +.06+.05 
University Farm, 1926 and 
EOD to: aia iti ameteianacaustetera card aye tes seed 154 +.05+.05 
University Farm, 1927, Series : 
AO tid Bea, a veiet crestor austen head 116 +.66+.04 
University Farm, 1927, Series 
AN: atl IB re ge era eiteect ty eee Sets seed 116 +.62+.04 


* Some of these calculations were made by Dr. G. Nilsson-Leissner, as a part of a 
study of disease resistance while an International Education Board Fellow at the University 
of Minnesota. ¥ 

7 Series B was sown two weeks later than Series A. 
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TABLE VI 
SuMMARY OF CORRELATION COEFFICIENTS BETWEEN SEVERITY OF FusARIAL HEAD 
AND SEED BLIGHT oF WHEAT 


No. of vari- 
Extent of ties or Correlation 
Species Location and year of test comparison selections coefficient 
compared 
Triticum 
vulgare 
Waseca, 1923 and 1925 ....... Average for 
two years 41 +.91+.08 
University Farm, 1923, 1925, 
ADIN 20) Feige sels idles 6, seke ... Average for 
three years 41 +.87+.03 
University Farm, 1926 and 1927 Average for 
two years ai +.92-+.01 
University Farm, 1926 and 1927 Average for 
two years 154 +.86+.01 
Triticum 
durum _ 
* University Farm, 1927, Series 
PAMEAIIAU Eb NSTC othe oles tare'sie cs One year 116 +.87+.02 


TABLE VII 


CoRRELATION BETWEEN AVERAGE PERCENTAGES or BLIGHTED HEADS AND OF BLIGHTED SEEDS 1N 
Two Repiicatep Piots oF DuRuM WHEATS GRowN AT UNIVERSITY 
Farm, MINNESOTA, IN 1927 


Average percentage of seeds blighted 


OMe eIN E271 Sdn) SON 45) US EA57 63, y60" 75" 80, 87 15) 
6 2 2 
12 3 a 
18 FS I 6 
amen 7 Agana 8 
2 
= esky Fie a 4 
ie} 
Gene 36. Brera: 2 8 
3 
e 42 ZA, 6 
sis 
° 48 Tet Leak 3 
Ay i 
A & 
ss 54 ee at I 4 
6 
2 60 I I I 2 3 8 
oO 
iy 
© 66 T1354 2 10 
oo 
e be vue Senee a rney , 1h I 10 
oo 
78 5 6 I 12 
84 I 4 3 I 3 I I I 15 
90 eet 20 nt Bo aT I 9 
96 2 I 2) I I 8 
F Se AG) SG MPN EC 8 LOREACTS) ose th a mK a a 116 


avr r=+.8066 +.016 
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a 
TABLE VIII . 
CorrELATION BETWEEN AVERAGE PERCENTAGES OF BLIGHTED Heaps AND OF BLIGHTED SEEDS IN 
Durum WueEats Grown aT University Farm, St. Paut, MINNESOTA, IN 1926 AND 1927 
Average percentage of seeds blighted 
1.5 4.5 7-5 10:5 13.5 16.5 19.5 22.5 25.5 28.5 31.5 34-5 37-5 40-5 43.5 F 
Ze yd 2 
7-5 I 9 5; 4 x0 q 
02:35 6 4 3 13 
Be] 
2 8 2 { 13 : 
2 
73 17-5 
S22 5 I 6 2 4 3 I 17 
3 
27:5 cee Mir es es I 12 
= 
Rous 532.5 Bh EAT SAT I 14 
o 
oss [ 2 2 2 2 I 3 I 14 
r= 
& 42.5 eR Cash A end i ate amen 24 
vo 
a 
Af WEES I 2h re amid 3 *$E3 2 17 
Ey 
BS 52.5 I 2 I I I I ve 
> 
ss 57-5 I I I I 4 
62.5 2 I I 4 
67.5 I 2 3 


1 Pea Palen Ne t-2-) Ot Ad oN 1S) Loti ns: 8 10 9 2 4 3 184 


tr=+.862+.014 


TABLE IX % 


a 
Errect oF Date or Sowinc on DEVELOPMENT OF FusARIAL HEAD AND SEED BLIGHT OF 
WuHeat At UNIVERSITY Farm, MINNESOTA ' 

———— q 

k ? Percentage of Percentage of | 

Year Date of sowing Variety heads infected — seeds infected — 


1923 April 27 Average of 52 varieties 4.9 


May 4 3-1 

May 12 T+ 
1925 April 23 Marquis, Minn. 1239 13.5 5.0 

April 30 2.5 0.7 

May 6 Te 0.7 

April 23 Monad, Minn. 2156 32.5 14.4 

April 30 1.0 0.5 es 

May 6 0.5 0.3 

April 25 Average of 41 varieties 29.6 ei a ut 

May 8 7.4 ‘22 BN 
1926 April 22 Average of 50 varieties 8.3 3.9 ’ 

May 4 ay xe es 

SOR ie ee BE EEE SE 

1927 April 29 Marquis, Minn. 1239 i ZS 

May 6 


May 13 


April 29 Monad, Minn. 2156 
May 6 


May 13 


i May 1929 
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FOREST POSSIBILITIES OF ASPEN LANDS IN 
THE LAKE STATES 


JosepH KittTrepcE, JR., and S. R. GEvoRKIANTZ 


THE PROBLEM 


Enormous Area of Aspen Lands 


The most characteristic sight in traveling through northern Minne- 
sota and Wisconsin is the monotonous and scrubby looking growth of 
small aspen trees. Actual surveys indicate that the aspen, often some- 
what mixed with paper birch, is the most abundant and wide-spread 
type of forest vegetation in the northern Lake States. In St. Louis 
County, Minnesota, Hansen (1923) found that it occupied 70 per cent 
of the cut-over land. In northern Wisconsin the soil types on which 
aspen grows abundantly represent more than 50 per cent of the total 
forest area. In Menominee County, Michigan, the Land Economic 
Survey finds 34 per cent of the forest area in aspen. Even in the north- 
ern part of the Lower Peninsula of Michigan, which is usually thought 
of as a region of jack pine and scrub oak, the Survey figures indicate 
one third of the area in aspen. The extensive field work in this study 
of aspen, chiefly in northern Minnesota and northwestern Wisconsin, 
led to estimates, confirmed by the figures cited, that the aspen lands in 
northern Michigan occupy about one third and in northern Wisconsin 
and Minnesota almost two thirds of the total forest area. This repre- 
sents a land area of about 21 million acres. The enormous size of this 
area in itself constitutes a major problem of land use. 


Agricultural Development Slow 


Improved farm land in the northern part of the Lake States in- 
creased from 1910 to 1924 at the rate of about 250,000 acres a year. 
Considering that clearing and settlement are advancing northward, 
where climatic and economic conditions for farming are progressively 
less favorable, and that many of the settlers who have tried to make a 
living on these northern areas have been disillusioned ; and, furthermore, 
that the importance of growing timber crops on large areas of these 
lands is being recognized, it seems unlikely that the rate of settlement 
will increase for some time in the future. Considerable portions of 
the land on which aspen grows are suitable for farming after they are 
cleared. On the assumption that the proportion of increase in improved 
farm land of the aspen type will correspond to the proportion that type 
is of the whole area of forest land (69 per cent), the rate of clearing 
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is not likely to exceed 150,000 acres a year. At this rate, the clearing 
of 21 million acres of aspen lands would require about 140 years. Even 
if taken up at a more rapid rate, the area that will remain in aspen is 
enormous. 

Altho aspen is characteristic of fertile soils, large areas of the aspen 
type, owing to their rough and rocky character, will never be suitable 
for farming. The largest single area of this kind is the triangular 
region north of Lake Superior, in Minnesota. A large part of the 
21 million acres, therefore, may be expected to produce at least one and 
probably two or three crops of aspen before it will be needed for 
agriculture. 


Present Limited Use of Aspen 


The use of aspen in the region where it grows or to which it can 
be shipped profitably is extremely small in comparison with the amount 
that is or soon will be available. The census (1927) of 1926 reported 
only 33,000 cords used for pulpwood. Possibly 15 million board feet 
are used annually for excelsior and lumber. Crocker (1926) estimated 
the consumption of aspen in 1925 as 173,000 cords in the three Lake 
States. An unknown amount, which may easily amount to 50,000 or 
100,000 cords, is used by settlers for firewood and poles. The total 
present yearly consumption of aspen in the Lake States is estimated, 
therefore, to be between 175,000 and 250,000 cords. 

Aspen is used chiefly for paper pulp, excelsior, boxes, heading, pails, 
staves, lumber, and fuel. In Europe and also in Japan it is extensively 
used and highly valued for matches. ‘This use may develop gradually in 
this country also. Similarly, the utilization for excelsior, box boards, and 
lumber may increase, altho there is no immediate prospect of a rapid 
increase. For paper pulp, aspen reduces readily by the sulphite or the 
soda process and yields pulp of excellent color, that bleaches easily 
(Wells and Rue, 1927). Actually, little aspen is being used in the 
sulphite process. Considering the concentration of paper mills in the 
Lake States, particularly in eastern Wisconsin, and the diminishing sup- 
plies of spruce, balsam fir, and hemlock, consumption of aspen for paper 
pulp may increase considerably. This increase, however, will not come 
immediately (1) because much hemlock will be available for the next 
10 years from the lumbering operations of northern Wisconsin and 
Michigan, and (2) because the use of large proportions of apsen will 
require costly modifications in the manufacturing processes at most of 
the existing paper mills. The present limited use of aspen, therefore, is 
likely to continue without marked change for another 10 years, after 
which its consumption may be expected to rise at an accelerating rate.. 


ASPEN LANDS IN THE LAKE STATES 7 


Will Consumption Keep Pace with Potential Production? 


If the present consumption of aspen is about 200,000 cords a year 
and probably will not exceed 250,coo in the next 10 years, how do these 
figures compare with the amount of aspen already available or that will 
become merchantable in 10 to 20 years? The stand of aspen in the 
Lake States in 1928 may be estimated at 30 million cords. At a rate 
of consumption of 250;000 cords a year, this is enough for more than 
100 years. These 30 million cords represent the stand on about 4 mil- 
lion acres: There remain 17 million acres of small growth, much of it 
well stocked; that is growing at the rate of about one sixth of a cord 
per acre per year. The amount of aspen, therefore, is increasing a little 
less than 3 million cords a year. In 20 or 30 years the annual growth 
will probably double, or become 6 million cords. The growth each 
year at these rates will supply the present demand for 12 to 24 years. 
Even if the estimates of area, stand, and- growth are high, the con- 
clusion is still unquestionable—that consumption of aspen is not keep- 
ing pace with the growth. Moreover, there is little prospect that the 
growth will be utilized for many years. Agricultural development will 
require only a fraction of the aspen lands. What then, is to be done 
with these millions of acres to obtain the best use and highest value 
from them? 


Natural Conversion to Pine or Spruce 


A desirable solution of the problem of the use of the aspen lands 
would be the replacement of aspen by other more valuable species, as 
spruce or pine. The process is going on naturally and slowly over 
limited areas. Observations Jead to the estimate that not more than 20 
per cent of the aspen land in the northern Great Lakes region as a 
whole has an appreciable representation of more valuable tree species 
coming up with or under the aspen. ‘This estimate is confirmed by 
figures from the survey of St. Louis County, Minnesota, by Hansen 
(1923), in which he found 24 per cent of the cut-over area, most of 
which was aspen and paper birch, to contain from 10 to 60 per cent of 
conifers in mixture. St. Louis County forms a part of northeastern 
Minnesota, where the conifers, particularly balsam fir, are most com- 
monly represented in the aspen stands. The estimates in the field study 
for this section placed the percentage of aspen with a mixture of coni- 
fers at 30. The greater proportion of conifers in this region, however, 
is counterbalanced by the wide areas in other parts of Minnesota and 
Wisconsin where they are not found on aspen lands. 

Moreover, the areas on which spruce, pine, or other conifers are 
found with aspen are increasing slowly, perhaps even decreasing. The 
slow increase is due (1) to the fact that logging and fires have left only 
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occasional and scattered trees of pine or spruce from which seed might 
blow to reseed the aspen lands. (2) The limited supply of seed from 
the few scattered seed trees is not more than enough to feed the many 
hungry squirrels, mice, and other rodents, which devour most of it 
before it germinates. (3) The seeds are carried only limited distances 
from the seed trees and when the trees are few and far between they 
reseed only a small part of the total area. These are ample reasons why 
the reseeding of aspen lands to conifers is progressing slowly. To make 
matters worse, large areas of aspen lands burn over in the frequent bad 
fire seasons. A fire is almost certain to kill all the young conifers in 
its path. While the effectiveness of efforts to protect the forest lands 
from fire is increasing, the area burned annually, which amounted to 
381,000 acres on the average in the years from 1916 to 1925, may easily 
account for the destruction of small conifers on a larger area of aspen 
land than was reseeded in the same time. As fire protection improves, 
the rate of natural conversion to pine and spruce will undoubtedly in- 
crease, but the progress will be slow for at least 50 years. After that 
many of the present small pines and spruces or those that will become 
established in the next few years will reach seed-bearing age and will 
in turn scatter seed to convert additional areas to more valuable kinds 
of forest. 


Can Aspen Lands Be Made More Valuable? 


There is little prospect that aspen by itself will soon become more 
valuable. At present, it is worth little or nothing except on areas near 
a manufacturing plant that uses aspen. Similiarly, the oversupply for 
several years promises to be valuable only on the areas favorably lo- 
cated with respect to markets. White and Norway pine, however, are 
now worth $8.00 to $12 a thousand board feet, and white and black 
spruce, $3.00 to $5.00 a cord. Balsam fir is less valuable, altho it is 
much used for pulpwood and lath. The demand for spruce and pine 
is generally strong and is increasing as the supply is decreasing. There 
is every reason to believe, therefore, that the pines and spruces will 
become more valuable. If the aspen lands can be made to produce 
spruce or pine, the conversion will almost certainly increase the value 
of those lands, even if the future values of pine and spruce should not 
be higher than the present. 

The conifers do not reach merchantable size as soon as the aspen, 
but their greater value may more than offset the greater cost of growing 
them. It may also pay the cost of conversion by planting seedlings of | 
spruce or pine and raising them to maturity. 

Certain questions may well be asked by those who own or are in-’ 
terested in the northern cut-over lands where aspen is so common. How 
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much will aspen yield at different ages? At what ages or sizes should 
it be cut? Does it pay to grow aspen? Is the aspen being replaced 
naturally by more desirable species? Can the conversion be hastened 
by silvicultural treatment? If not, can it be accomplished by seeding 
or planting? Under what conditions will the conversion of aspen to 
pine or spruce pay? 

In an attempt to answer these questions, 305 areas were examined 
carefully in 1925 and 1920, chiefly in Minnesota and northwestern Wis- 
consin. On 123 areas data were taken to show the growth and yield 
of well stocked aspen; on 17, the growth of paper birch; and on 165 
the natural conversion of aspen-birch to conifers. Seven hundred and 
seven aspen trees were cut and analyzed as the basis for volume tables 
already published (Cloquet, 1926). One hundred and sixteen paper 
birch trees were analyzed and from the measurements the volume tables 
for paper birch in the appendix were prepared. The answers that will 
be suggested to the foregoing questions should be applicable to condi- 
tions in northern Minnesota, northern Wisconsin, and probably also in 
both parts of northern Michigan. 


HISTORY OF THE ASPEN FOREST 


The uplands of the northern Lake States region were originally 
forested chiefly with pine, spruce, balsam fir, hardwoods, and hemlock. 
Aspen occurred either in small patches where fires had burned, or as 
scattered trees in the old-growth forest. 

It formed merely an inconspicuous part of the brush in the forest. 
However, careful inspection of all tree species in the remaining old- 
growth forests usually reveals aspens. It was found in 3 of the Io pine 
stands counted by Morbeck (1922) in northern Minnesota. It forms 
an understory in places in the old white pine forest of the Chippewa 
National Forest, as mentioned by Truax (1915) and observed by others. 
From one to 35 per cent of “poplar,” doubtless mostly aspen, was found 
in the white spruce areas by Kenety (1917). It is a frequent con- 
stituent, altho an inconspicuous and unimportant one, in the northern 
hardwood-hemlock forests, as shown by Frothingham (1915). Aspen 
was, therefore, widely distributed in the northern Lake States before 
logging began. The thousands of acres of aspen in nearly pure stands, 
which are so characteristic of the region now, have developed almost 
entirely within the last 70 years. 


Result of Cutting and Fires in Original Forests 
In the early days of logging in the old-growth pine forests, only the 
largest and best trees were cut. Gradually, as the value of lumber in- 
creased, smaller and poorer pines were taken. As the stands of white 
pine became harder to find, the best of the white pine was culled from 
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the mixtures of white and Norway pine and of white pine and hardwood- 
hemlock. More recently, Norway pine and hardwood-hemlock became 
valuable and heavy cuttings removed all the trees down to 10 or 12 
inches in diameter. A large proportion of the smaller trees that were 
leit was destroyed or damaged in logging. The white pine forests that 
had been cut lightly for the best trees were gone over again, and mosi 
of the remaining timber was removed. In the process, most of the 
small aspens were cut off or broken. 

Aspen stumps do not sprout, but the wide-spreading roots give rise 
to new stems, called suckers. Fires have the same effect as cutting. 


Origin of Pure Stands of Aspen 


Fires that burned through the old pine slashings destroyed all living 
trees in their path, with the occasional exception of a big thick-barked 
pine. The small pines, spruces, balsam firs, and aspens were destroyed. 
The pines and spruces did not sprout but the aspen suckers came up 
promptly and vigorously and were many times more numerous than 
were the aspen trees in the old stands. 

Much of the cut-over land burned several times within the Io or 20 
years following cutting. The repeated fires even more completely de- 
stroyed existing trees (Fig. 1). After every fire, however, aspen suck- 
ers came up more abundantly and more extensively. Seedling aspens, 
on the contrary, are rare because few aspen seed trees were left, and 
conditions were generally unfavorable to germination and establishment. 
The present large area of nearly pure stands of aspen is due largely 
to its ability to produce many suckers from the roots for every tree that 
is killed by logging or fire. 


Origin of Mixed Stands of Aspen and Conifers 


White pine, spruce, or balsam fir seedlings were usually on the 
ground as advance growth under the old stands. More than 21,500 
white pine seedlings to the acre were found in a stand of old-growth 
white pine in northwestern Wisconsin. In northern Minnesota, Mor- 
beck (1922) found from 1,300 to 16,000 white pine seedlings to the 
acre under old-growth white pine stands. Cutting destroyed only part 
of this young growth. Fires destroyed all of it wherever they burned. 
Occasional areas and patches, however, escaped the fires and on these 
areas the pines and spruces left after logging have lived and grown. The 
aspen came up from suckers after cutting on the same areas and, as 
its early growth is much more rapid, the aspen has usually formed an 
overstory with pine, balsam fir, and spruce as an understory. In this 


way a considerable part of the larger conifers in mixture with the aspen _ 


originated. 
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Some defective or small trees of pine, balsam fir, and spruce were 
left in the early logging. Those that survived produced seed, the result 
being scattered seedlings and irregular patches under the aspen on some 
of the burned-over areas. Wind storms and repeated fires, however, 
have destroyed much of this source of coniferous seed in most parts 
of the region. On the whole, mixed stands of aspen and conifers are 
not common or extensive. 


4 


Fig. 1. Aspen-Paper Birch Land Approximately Five Years After Fire 
“Brush.” St. Louis County, Minn. 


DESCRIPTION OF THE ASPEN FOREST 
Species of Aspen and Their Ranges 


The species that makes up the bulk of the aspen forest in the north- 
ern Lake States is the true aspen (Populus tremuloides), commonly 
known as popple. It grows from Labrador to Hudson Bay and Alaska, 
throughout the Lake States, and as far south as Illinois and northern 
Missouri. Sometimes mixed with the aspen but much more often in 
separate patches, the large-tooth aspen (Populus grandidentata) is found, 
altho much less commonly, throughout the region except in southwest- 
ern Minnesota. A third species is the balsam poplar (Populus bal- 
samifera), sometimes called poplar or Balm-of-Gilead, which is also 
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found in the northern half of Minnesota, Wisconsin, and Michigan. 
The aspen is much the most abundant of the three species and altho they 
have many similarities of habit, the material presented in this report 
will refer to the true aspen unless otherwise specified. 


Associated Species 


Altho most of the aspen forest appears to be wholly or predominantly 
aspen, other species occur commonly in mixture with and usually sub- 
ordinate to it. Paper birch,’ often called white birch, is the most com- 
mon and most conspicuous of the associated species. Over small areas 
or in patches the birch may outnumber the aspen or even occur in pure 
stands. This is frequently true around lake shores, where, it has been 
suggested, the predominance of birch may be due to the harvesting of 
the aspen by beavers. The largest aggregate area where paper birch 
predominates is the strip of land draining into Lake Superior along its 
north shore, in Minnesota. Elsewhere and more commonly birch is 
found mixed with aspen as a more or less suppressed understory of 
small, poorly developed birches, which may be even more numerous 
than the aspens. The suppressed birches are usually as old as the 
aspens and have persisted, altho unable to keep pace with its rapid 
height growth during the first few years. Seedlings or young saplings 
of paper birch are rarely found under older aspens, except one-year-old 
seedlings, which sometimes start abundantly on rotten wood but rarely 
survive. 

Other species associated with aspen in the order of their abundance 
are balsam fir, white pine, white spruce, black spruce, sugar maple, red 


maple, Norway pine, jack pine, elm, red oak, bur oak, black ash, green | 


ash, yellow birch, basswood, jack oak, pin cherry, ironwood, and tam- 
arack. Of these, only balsam fir, pine, spruce, and sugar maple are 
sufficiently numerous to have any importance. Jack and Norway 
pine are found with aspen only where there are openings in which they 
have been able to maintain themselves, and on the drier, sandier soils. 
The other species form more or less important parts of an understory 
on areas where fires have not burned repeatedly. The larger trees were 
present as advance growth or germinated from seed scattered shortly 
after the aspen started. Balsam fir is the only one that has aggressively 
seeded under the aspen stands. White pine and the spruces have also 
seeded in to a limited extent, but ordinarly only small seedlings are to 
be found. 


1 The scientific names of trees and plants mentioned in the text will be found in the 
appendix. 


MSTeNMCANDS IN THE LAKE STATES 13 


Occurrence of Aspen 


Aspen grows on a wide variety of soils, in fact, on almost any of 
the soils in the northern part of the region except the driest and sandiest, 
which are occupied by jack pine. Figure 2 shows the general areas in 
which aspen predominates in Minnesota and Wisconsin. Ordinarily, 
it is not found in the swamps on peat soils, altho one area was measured 
on which the aspen was growing well on peat more than 5 feet 
deep. If the soils are grouped according to the surface geological 
formation, aspen is found on all except the coarser sands of glacial 
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Fig. 2. Areas on Which Aspen Predominates 


outwash and the shallowest soils of the rock outcrops. It grows 
abundantly on sandy moraines, clay moraines, till, both sandy and clayey 
lake-wash till, and lake-bed clays. It was found most commonly in 
this study on sandy moraines and on till. If the soils are grouped ac- 
cording to texture, aspen was found on sands that are well supplied 


with moisture or underlaid not too deeply by a layer of finer soil, on 


fine sands, sandy loams, fine sandy loams, silt loams, clay loams, and 
even clay along the south shore of Lake Superior—most commonly on 
sandy loams and fine sandy loams. 
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A species that thrives on such widely differing soils is evidently not 
exacting in its requirements. The only soil limitation is found in the 
deep, medium, or coarse sandy soils, which are least retentive of mois- 
ture and low in their content of nitrogen, lime, and other nutrients. 
These sandy soils are characterized by less than 10 per cent of silt and 
clay, less than 0.03 per cent of nitrogen, less than 0.2 per cent of lime, 
and a minimum moisture content for the existence of plants,’ about 2 
per cent or less. Organic matter may be as low as one per cent. 
Acidity may vary from extremely acid, with a pH as low as 4.3, to 
slightly acid or neutral, with pH 7. 


Sites 


The rate of growth and the yield of aspen at any given age vary 
with the productivity of the soil or, as it is more commonly known in 
forestry, with the quality of site. Site quality may be defined and indi- 
cated in several ways. The most satisfactory, based upon the aspen 
forest itself, is the arbitrary classification of the stands by a numerical 
value for what is called the site index. This is simply the average total 
height of the dominant trees in a stand at 50 years old, or the height 
that the average dominant tree in a younger or older stand would have 
at 50 years. The dominant trees are those whose crowns extend above 
the general level of the forest canopy and receive full light from above 
and partial light from the side. They are larger than the average trees 
in the stand and have well developed crowns. Altho the crowns may 
be crowded on the sides, these trees have had ample space to develop 
as compared to other trees in the stand. For the determination of site 
index, moreover, they should be trees whose height growth has not been 
affected by cuttings, fire, or damage of any kind. The curves in Fig- 
ure 3 represent the site indexes for aspen at different ages. 

In order to determine the site index for a given stand, it is necessary 
to average the heights of at least 5 and preferably more dominant trees 
on each acre. For example, in a 30-year-old stand, 5 dominant trees 
are found to be 35, 38, 40, 36, and 32 feet high. The average dominant 
height is, therefore, 36 feet (Fig. 3). By following perpendicularly 
along the line from 30 on the scale of age until it crosses the horizontal 
line from 36 on the scale of height of average dominant tree, the 
intersection comes about one-tenth of the distance below the curve of 
50 toward the curve of 40. The difference between 50 and 40 is 10, 
and one-tenth of this is one, so the site index for this 30-year-old stand 
with an average dominant height of 36 feet is 50 minus one, or 49 feet. 
The site index of any stand may be obtained in the same way. 

These site indexes correspond with what is known of the productivity 
of the different soils on which aspen grows. For example, the medium 


2 Technically this is known as the hygroscopic coefficient. 
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to coarse sandy soils of outwash plains or sandy moraines, which are 
drouthy and low in nutrients, usually have site indexes below 55, except 
where the soil is close to swamp or ground water level. The fine sandy 
soils of outwash plains, the clay and clay loam soils around the shores 
of Lake Superior, and the shallow sandy loam soils on the rock outcrops 
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Fig. 3. Site Index Curves for Aspen 


in northeastern Minnesota belong also to site index classes less than 55. 
The site index classes above 67 include the silt loam soils, except those 
shallowly underlaid by rock; the fine sandy loam soils on bowlder clay 
or clayey moraine or on the heavier soils of old lake beds and those not 
too shallowly underlain by rock; and the fine sandy soils on bowlder 
clay. “The other groups of soils on which aspen was found are in the 
intermediate site index classes, between 55 and 67. 

A. general statement of the geographical distribution of the good 
and poor sites is impossible, because the glacial soils of the region, and 
hence the sites, are inextricably intermingled within short distances. 
Certain large areas with predominantly good and poor sites for aspen 
may be mentioned. Poor sites, with indexes less than 55, are char- 
acteristic of the hilly, gravelly moraines that occupy a large area in 
Vilas and Oneida Counties, in north central Wisconsin, and a strip 
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of similar topography from Aitkin through Cloquet and northeastward 
into Lake County, in Minnesota. The red. clays and clay loams along 
Lake Superior, chiefly on the Wisconsin shore from Superior to Port 
Wing and south of Washburn and Ashland, are also poor sites; the 
areas of loam and silt loam soils of northwestern Itasca County and 
of Beltrami County southeast of Red Lake, in Minnesota, are excellent 
sites with indexes generally above 67. 

Another means of judging the fertility of the soil and of checking 
the site index for aspen is the brush and ground cover under the aspen. 
Many kinds grow commonly on all soils on which aspen is found; others 
are limited to certain site index classes. Mountain maple, dogwood, 
alder, clintonia, pyrola, arbutus, raspberry, bedstraw, starflower, bane- 
berry, clubmoss (except ground pine), ferns (except brake), hepatica, 
meadow rue, Canada mayflower, choke cherry, viburnum, bellwort, 
dwarf raspberry, wild ginger, currant or gooseberry, mitrewort, and 
twisted stall, usually indicate site indexes of 53 or higher. Sweet fern 
indicates a site index of less than 47. Blueberry, ground pine, and win- 
tergreen indicate site indexes less than 60. 

The associated tree species also give a check on the site indexes. 
Ash, hop-hornbeam, northern white cedar, balsam poplar, bur oak, and 
basswood are found chiefly on sites with indexes above 57. Yellow 
birch and elm usually occur on those with indexes above 60. Black 
spruce and Norway pine rarely occur on sites with indexes higher than 
64, and scarlet and jack oak are usually on those with indexes less 
than 55. 

In estimating the growth of stands of aspen, the correct determina- 
tion of the site index, or quality of site, is important. It is worth 
while to estimate the site quality by all three of the ways suggested and 
to check one against the other, because sometimes the relation between 
the average height of the dominant trees and their age, alone, may not 
be a reliable index. Altho neither the vegetation nor the soil alone can 
be relied upon for an accurate appraisal of site quality, the combina- 
tion of the two may be more reliable than the site index figure alone. 
For example, on one plot the average height of dominant trees was 35 
feet at 34 years of age, which corresponded to a site index of 44. 
Viburnum, clintonia, wild ginger, twisted stalk, and bedstraw indi- 
cated a site equivalent at least to that represented by site index 55. On 
the other hand, blueberry indicated that the index was unlikely to be 
more than 58. The soil corresponded to that of site index 58. In this 
case, the low height was probably due to the fact that the aspens had 
been more or less suppressed by old-growth pines, which were cut 5 
years previously. The soil and plant indicators checked one another 
and made possible the correction of a. site index figure that was — 
seriously low. 
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The site index classification is used for the division of the aspen 
growth and yield figures according to the productivity of the sites. 
Five 10-foot site index classes cover the range of sites on which aspen 
was found growing. These classes, beginning with the best, are 80, 
70, 60, 50, and 40. By far the larger proportion of the aspen stands 
is found in classes 70, 60, and 50. Class 60 contained the largest 
number of the measured plots and undoubtedly includes the average 
for the region as a whole. It is sometimes difficult to think of the 
productivity of the soil or the quality of site in terms of these site 
indexes. It may be helpful, therefore, to remember that site index 60 
indicates a site of average quality, 70 and over one of good quality, and 
50 and under one of poor quality. 

As there are large differences in the yields of aspen on the different 
sites, it is important to know not only the site index for a specific stand 
but also what proportion of the aspen type is growing on the poorer 
sites, on which it may never reach merchantable size. A classification 
into corresponding site indexes of the surface formations on which 
aspen was found by Hansen (1923) showed that in St. Louis County, 
Minnesota, about 20 per cent of the aspen is growing on sites of 
index less than 55. Twenty-two per cent of the well stocked plots in 
this study were found in classes 40 and 50. This percentage is 
probably high, because in selecting plots for the yield tables an attempt 
was made to obtain as many as possible of those representing both the 
extremely low and the extremely high site indexes, which occur less 
commonly and are harder to find than those of average quality. Of 
the plots selected to illustrate the development of conifers with the 
aspen and that were chosen without respect to density or site quality, 
17 per cent were on site indexes less than 55. It is likely, therefore, 
that between 15 and 20 per cent of the aspen in the northern part of 
the Lake States occupies the poorer sites, represented by site indexes 
less than 55. 

These quality classes, which are most easily recognized by the site 
indexes, or the relation between height and age of the dominant trees, 
are also distinct for well stocked stands in respect to the other factors 
measured in determining the volume and growth of forests. With occa- 
sional exceptions, the higher the site index for stands of the same age, 
the higher are the other factors, namely, basal area of stand, volume, 
average height, average diameter, and average annual growth per acre. 
The only factor that does not increase as the site index increases 1s 
the number of trees per acre. As the site index increases the number 
of trees per acre decreases, because the trees on the better sites grow 
larger and can not stand so close as the smaller trees on the poorer 
sites. These relationships become clearer by reference to Tables I, 
II, and III. 
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TABLE I 


Yretp TanLeE oF Wetxi Stockep ASPEN IN TREES OnE INCH AND OVER IN 


DIAMETER AT BreAst HEIGHT 
Total cubic feet 


Avy. total Av. No. Total 
height Av. diameter of Basal peeled Ay. 
Age of height at trees area volume annual 
dominant of breast per per per growth 
trees trees height acre acre acre 
years feet feet inches sq. ft. Cll ute cu. ft. 
Site index 80 feet at 50 years 
20 46 36 3.8 1,490 88 1,540 77 
30 59 50 4.8 880 110 2,550 85 
40 71 62 6.3 600 129 3,650 gr 
50 80 74 8.1 400 143 4,720 94 
60 87 84 10.3 265 153 5,620 94 
70 93 Ope 12.6 185 161 6,290 90 
80 98 96 14.3 148 165 6,780 85 
Site index 70 feet at 50 years 
20 40 34 2.9 1,800 83 1,340 67 
30 51 46 4.2 1,065 102 2,180 73 
40 62 57 5.4 760 120 3,160 79 
50 70 68 7.0 495 133 4,060 81 
60 76 76 9.0 330 144 4,840 80 
70 82 82 10.9 235 151 5,420 77 
80 86 86 12.6 180 155 5,750 72 
Site index 60 feet at 50 years 
20 34 29 2.5 2,300 76 1,080 54 
30 44 40 3.5 1,400 94 1,760 59 
40 53 49 4.5 980 110 2,450 61 
50 60 58 5.9 645 122 3.220 64 
60 66 65 7.6 422 133 3,820 64 
70 70 70 9-3 295 139 4,290 61 
80 74 74 10.6 234 143 4,600 57 
Site index 50 feet at 50 years 
20 29 23 1.9 3.200 60 710 36 
30 37 32 PEG 1,910 75 1,170 39 
40 44 39 a5 T,300 88 1,620 41 
50 50 47 4.6 856 98 2,140 43 
60 55 52 5.8 580 105 2,520 42 
70 59 57 7.1 400 109 2,820 42 
Site index 40 feet at 50 years 
20 23 19 1.3 4.100 38 360 18 
30 29 27 1.9 2.420 46 600 20 
40 35 Ba) 2.4 1,660 54 850 Fp 
50 40 39 We T,110 60 1,100 22 


ASZENTLANDS IN THE LAKE STATES 19 


TABLE II 
YriELD TasLeE oF WELL StockKep ASPEN IN TREES 6 INCHES AND OVER IN 
DIAMETER AT Breast HEIGHT 
Board feet (International Rule, % inch kerf.*) 


Av. total Av. No. 
height Av. diameter of Basal Volume Av. No. 
Age of height at trees area per annual of 
dominant of breast per per acre growth plots 
trees trees height acre acre 
years feet feet inches sq.ft. bd. ft. bd. ft. 
Site index 80 feet at 50 years 
30 59 64 6.4 228 50 5,700 190 I 
40 71 68 7.0 365 101 12,800 320 —_— 
50 80 74 8.3 369 138 21,200 423 I 
60 87 84 10.3 265 153 30,000 500 — 
70 93 gt 12.6 185 161 37,500 535 —— 
80 98 96 14.3 148 165 41,800 522 _— 
2 
Site index 70 feet at 50 years 
30 51 63 6.0 170 33 3,800 126 mn 
40 62 66 6.7 319 .80 9,200 230 4 
50 70 70 7.6 403 124 16,700 334 2 
60 76 76 9.0 320 143 23,700 395 3 
70 82 82 10.9 235 151 30,100 430 3 
80 86 86 12.6 180 155 34,800 435 I 
= 
Site index 60 feet at 50 years 
30 44 59 6.1 80 14 1,400 47 17 
40 53 60 6.3 215 45 5,000 125 8 
50 60 62 6.9 358 96 10.700 214 12 
60 66 66 7.9 378 127 16,500 275 
70 70 70 9-3 290 138 21,300 304 —_ 
80 74 74 10.6 234 143 24,800 310 — 
Ton 
Site index 50 feet at 50 years 
40 44 53 6.1 74 13 1,400 35 4 
50 50 54 6.4 200 42 4,500 90 4 
60 55 55 7.0 306 81 8,200 136 3 
70 59 59 7.6 327 102 11,500 164 _— 
It 


* Stump height, one foot; top diameter inside of bark, 5 inches. Bark is not included 
in volume. 
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TABLE III 
YreLp TABLE OF WELL STOCKED ASPEN IN TREES 7 INCHES AND OVER IN 
DIAMETER AT Breast HEIGHT 
Board feet (Scribner Decimal C Rule*) 


Av. total Av. No. 
height Av. diameter of Basal Volume Av. No. 
Age of height at trees area per annual of 
dominant ot breast per per acre growth plots 
trees trees height acre acre : 
years feet feet inches sq. ft. bdltit. bd. ft. 
Site index 80 feet at 50 years 
30 59 70 7-5 79 24 1,400 46 I 
40 71 73 7-9 216 74 5,700 142 a 
50 80 77 8.7 304 124 14,200 284 I 
60 87 84 10.4 255 149 23,300 388 = 
70 93 be 12.6 185 161 29,900 426 _— 
80 98 96 14.3 148 165 32,900 4It — 
2 
Site index 70 feet at 50 years 
30 51 69 7-3 35 10 500 17 3 
40 62 70 7.6 167 52 3,400 84 4 
50 70 2 8.1 207 105 9,600 192 2 
60 76 yh 9-3 290 137 17,300 288 u 
70 82 82 10.9 235 151 23,600 338 3 
80 86 86 12.6 180 155 27,400 342 I 
18 
Site index 60 feet at 50 years 
40 53 65 7.5 68 21 1,000 25 8 
50 60 66 bhev Ppt) 69 4,300 86 12 
60 66 68 8.3 300 112 10,300 172 13 
70 70 71 9-5 268 132 16,400 234 — 
80 74 74 10.6 229 140 19,700 246 — 
33 
Site index 50 feet at 50 years 
50 50 58 7.4 68 20 1,000 20 4 
60 55 59 7.6 174 55 3,200 53 3 
70 59 60 8.0 240 84 6,600 94 = 
7 


* Stump height, one foot; top diameter inside of bark, 6 inches. Bark is not included 
in volume. 


For example, a comparison of 50-year stands having site indexes 
of 70 and 50 shows average heights of 68 feet and 47 feet; average 
diameters of 7.0 inches and 4.6 inches; average basal areas of 133 
square feet and 98 square feet; average volumes of 4,060 cubic feet 
and 2,140 cubic feet; average annual growth of 81 cubic feet per acre 
and 43 cubic feet, but only 495 and 856 trees per acre. 

Each site index class is divided into 10-year age classes from 20 
to 80 years. The aspen forests, like plants and animals, increase in 
height, in diameter, in basal area, and in volume per unit area as they 
increase in age, and the increases are more rapid in the high site index 
classes than in the lower. The number of trees per acre, however, 
decreases rapidly as the stands grow older and the smaller, weaker 
trees are killed out in the struggle with their larger, stronger neighbors 
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for light, water, and nutrients. On the average site, this reduces the 
number of trees per acre from 2,300 at 20 years to 295 at 70 years. 


Composition of the Stand 


In every forest and in any stand, there are trees of different sizes. 
In aspen forests, which are usually composed of trees of approximately 
the same age, the trees of average size are most numerous, and the 
number both larger and smaller than average becomes progressively 
smaller. In the 55-year age and 62-foot site index classes in well 
stocked stands, the average is 495 trees to the acre, distributed among 
the diameter classes as follows: 


Diameter No. of Diameter No. of 
breast trees breast trees 
high per acre high per acre 
in. in. 
4 7 8 119 
5 42 : 9 52 
6 109 10 12 
7 154 Total 495 


The distribution of sizes varies at different ages and on different 
sites, but tends to follow the same general scheme. The largest num- 
ber of trees are of average size and those larger and smaller than 
average decrease progressively. 

The principal value in knowing the number of trees of different sizes 
is in the knowledge of the number of trees that, because they are above 
certain diameters, are usable for commercial purposes. For most uses 
at the present time aspen becomes merchantable when it is 6 or 7 
inches in diameter. The numbers of trees per acre of these sizes and 
larger at each age and in each site index class are shown in the yield 
tables for board foot contents in trees 6 inches and over (Table II), 
and in trees 7 inches and over (Tables III). 

The number of aspens per acre varies widely in stands of the same 
site and age. These variations are often referred to as differences in 
degree of stocking, or density. They may be due to one cause or a 
combination of causes—the origin of the stand, whether from seedlings 
or suckers ; the number and intensity of fires that may have killed a part 
of the trees; or the use for grazing, which thins out the young trees. 

This variation in number of trees per acre may be illustrated by fig- 
ures from a large number of measured stands of different densities. 
The number of trees per acre 6 inches and more in diameter, in the 
plots less than 50 years old, commonly vary as much as 150, both above 
and below the average number in well stocked stands for any given age 
and site, as shown in Table II. Expressed in another way, the actual 
stands deviated 75 per cent above and below the average for well stocked 
stands. The stands more than 50 years old, almost without exception, 
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had less than the average number of trees 6 inches and more as com- 
pared with well stocked stands. Several plots had 150 trees per acre 
less than the well stocked stands, and in some cases even 250 or 300 less. 
As an example, the average well stocked stand at 40 years with site 
index 60 (Table II) has 215 trees 6 inches and over in diameter to 
the acre; yet stands of this age and site were found to have from 350 
to 50 trees. If all trees of one inch and over are included, the well 
stocked stands had 980 to the acre; the average on those not selected 
to represent good stocking was about 700. 

The density, or degree of stocking, as judged by the number of 
trees to the acre, is also influenced by the proportion of other species— 
pine, balsam fir, or spruce—that may be mixed with the aspen. These 
usually occur as an understory of small trees. If they are numerous 
the stocking is more dense than if it were judged by the number of 
aspens alone. The stands that were more than 40 per cent overstocked 
were those in which the overstocking was due to an understory of 
conifers. This effect on the density of the mixture of smaller conifers 
was also illustrated by stands that were 75 per cent understocked with 
aspen but were overstocked when all species were included. 

The number of trees per acre has been commonly used as the basis 
for classification. Hansen (1923) considered “normal” or well stocked 
stands of seedlings to have from 1,000 to 2,c00 stems to the acre, from 
800 to 1,500 saplings, and from 500 to 800 poles. On this basis he 
found the following percentages of aspen-paper birch stands in the 
normal, overstocked, and understocked groups for each of the three 
size or age classes: 


Size class Normal Overstocked | Understocked 
per cent per cent per cent 
Seedlings) Fanconi 28 15 57 
Saplingsy .cicnimeatsan eekecou eer: 45 27 28 
POLES ics sari cictasniaes aoceausucoeretteee 38 48 14 


His standard for normal, or well stocked, stands is lower than that 
used in this study, as is indicated by a comparison of his figures—500 
to 800 trees per acre in the pole stage representing an average age of 
30 years with the density of 1,400 trees to the acre in well stocked stands 
on an average site at 30 years, in Table I. Allowing for the predominance 
of seedling stands that he found, and combining seedling, sapling, and 
pole stands for both aspen-birch and aspen-birch mixed with conifers, 
about 45 per cent of the area of aspen-birch type in St. Louis County, 
Minnesota, is occupied by understocked stands. 

The Michigan Land Economic Survey assigned the forest areas to 
classes of good, medium, and poor stocking. The classes were not 
defined by number of trees per acre, but good stocking included stands 
that would yield good grades of merchantable timber. For the aspen- 
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birch area in the counties of Antrim, Roscommon, Alpena, Ogemaw, 
and Menominee, in a part of the region where the aspen stands are 
generally spoken of as poor and scrubby, they found 76 per cent of 
good stocking, 17 per cent of medium stocking, and 7 per cent of poor 
stocking. Their sample acres in Ogemaw County show 560 trees at 
IO years, 1,410 at 15 years, and 870 at 27 years. These densities would 
not justify their inclusion with the well stocked plots used for the 
yield tables. 

The survey of the Wisconsin Land Economic Inventory in two 
townships of southern Bayfield County indicates about 35 per cent of 
the aspen-paper birch type fully stocked, 30 per cent medium, and 35 
per cent sparsely stocked. That a large part of the aspen area is well 
stocked may be explained and confirmed by the fact that fires, which 
have been so prevalent and are so large a cause of the extensive areas 
of aspen in the region, do not decrease but rather increase the density 
of the new crop of aspen. On the whole, probably about a third of 
the total aspen area in the region has a sufficient number of trees to 
the acre to be considered well stocked for growth; not more than a fourth 
is so poorly stocked that it will not produce a merchantable stand at 
maturity. 


GROWTH AND YIELD 
Well Stocked Stands 


Well stocked stands contain a sufficient number of trees well dis- 
tributed over the area to form a nearly complete crown canopy (Fig. 
4). These stands, because of a more or less uniform spacing of the 
trees and an equal start, produce at a given age and on a given site 
a large percentage of the total number of trees of about average 
diameter. Stands of this character produce high yields. 

The development of well stocked aspen stands in respect to average 
height, diameter, basal area per acre, and yield per acre for the 40, 
50, €0, 70, and 80 site index classes and for 10-year age classes, are 
shown in Tables I, II, and III. Table I gives figures for total yield 
in cubic feet of all trees one inch or more in diameter; Table II, the 
yield in board feet of trees 6 inches and more in diameter by the 
International Log rule; and Table III the yield of trees 7 inches and 
more in diameter, by the Scribner Decimal C rule. The tables also show 
the average annual growth per acre for each age and the average total 
height of the dominant trees, which is used in determining the site index. 
Table IV contains figures on the yield per acre in cords of 8-foot wood 

Well stocked stands in which the trees average 6 to 8 inches in 
diameter will produce 50 cords per acre in 40 years where the site 
index is 80; 55 cords in 50 years where the site index is 70; 44 cords in 
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Fig. 4. Well Stocked Aspen 40 Years Old 


Experimental cutting areas seeded to white pine and white spruce. Chippewa National 
Forest, Minnesota. 


50 years where the site index is 60; and 33 cords in 60 years where the 
site index is 50. The mean annual growth at 50 years on the average 
site represented by site index 60 is 64 cubic feet, about 9/10 cord per 
acre. On the good sites the growth at the same age may be 94 cubic 
feet, or 144 cords, and on the poor sites even in well stocked stands the 
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growth is only from 22 to 43 cubic feet, or 1/10 to 1/2 cord per acre 
per year, respectively. 


TABLE IV 
Corpwoop YIELDS FoR WELL StocKED ASPEN IN TREES 4 INCHES AND More IN 
DIAMETER AT Breast HEIGHT 


Avy. total Av. Av. 
height diameter Basal Peeled annual 
Age ° at area volume growth 
dominant breast per per per 
trees height acre acre*™ acre 
years feet inches sq. ft. cordst cordst 
Site index 80 feet at 50 years 
20 46 3-3 88 9 0.45 
30 59 4.8 IrO 32 1.07 
40 CAs 6.3 129 50 1.25 
50 80 8.1 143 63 1.26 
60 87 10.3 153 71 r.18 
70 93 12.6 161 76 1.08 
80 98 14.3 165 80 1.00 
Site index 70 feet at 50 years 
20 40 2.9 83 5 0.25 
30 51 4.2 102 25 0.83 
40 62 5.4 120 43 1.07 
50 70 7.0 133 55 1.10 
60 76 9.0 144 63 1.05 
70 82 10.9 I51 67 0.96 
80 86 12.6 155 69 0.86 
Site index 60 feet at 50 years 
30 44 3-5 94 12 0.49 
40 53 4-5 110 30 0.75 
50 60 5.9 122 44 0.88 
60 66 7.6 133 51 0.85 
70 70 9-3 139 55 0.79 
80 74 10.6 143 yA 0.71 
Site index 50 feet at 50 years 
40 44 3.5 88 5 0.27 
50 50 4.6 98 26 O52 
60 55 5.8 10S 33 0.55 
79 59 7-1 109 37 0.53 
Site index 4o feet at 50 years 
50 40 Bie 60 5 0.10 


* Stump height, one foot; top diameter inside of bark, 3 inches. 

7 Standard cord 4x4x8 feet, close piling. Volumes in cords were obtained by applying the 
factors used for conversion of merchantable volumes in cubic feet to cords to corresponding 
average diameters at breast height. As a check, the same results were obtained from curved 
distributions of stems of different sizes per acre for a given age. The latter curves were also 
used for obtaining volumes in cords for stands with average diameter less than 4 inches, 


Altho the data from which the growth figures were derived were taken 
largely in Minnesota and northwestern Wisconsin, they are probably ap- 
plicable also to aspen stands throughout the northern part of Michigan 
and of Wisconsin. This is confirmed by the few stands measured in 
Marquette County, Michigan, by the data of the Land Economic Sur- 
vey in Ogemaw County, Michigan, which indicate site index 56 and 
good stocking; and by figures for Antrim County, Michigan, by But- 
trick (1923), which indicate mean annual growth at 30 and 38 years 
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of 2/3 to 11/10 cords per acre per year. It is interesting to note for 
comparison that Schotte (1916) found. stands of the closely related 
aspen in Sweden producing 1% to 2 cords per acre per year. The 
latter figure exceeds the most rapid growth found in the Lake States, 
which was 1 7/10 cords per acre per year in a 50-year stand in Lake 
County, Minnesota. 

Several important conclusions may be reached by a study of the 
yield table figures. If the trend of diameter growth in Table IV, site 
index 40, were extended, it would be found that the trees would not 
reach an average merchantable size for pulpwood (about 6 inches) 
until 80 years. The average annual growth on these poor sites is 
only 1/10 cord per acre. Moreover, the rot in aspen on an average 
site increases rapidly after 60 years and amounts to 20 per cent of 
the volume of the trees at 70 years, according to Schmitz and Jackson 
(1927). It seems probable that the decay will be as serious on poor 
sites as on average sites, if not more serious. Therefore it is inad- 
visable to plan to grow aspen on these sites until they are 70 or 80 
years old, because they may not survive to those ages. On the other 
hand, if the aspen is cut at 50 years the trees will average less than 4 
inches in diameter. It may be concluded, therefore, that the growing 
of aspen for pulpwood on lands of site index 40 and probably also on 
those of site indexes less than 50, will result in disappointment or failure. 

For the possible production of aspen lumber, Table III, showing 
the board feet in trees 7 inches and more in diameter by the Scribner 
Decimal C rule, is a conservative guide. On site index 80, well stocked 
stands should produce 14,200 board feet at 50 years; on site index 70,| 
9,600 board feet at 50 years; and on site index 60, 10,300 board feet 
at 60 years. The yields for these comparatively small trees, by the 
Scribner Decimal C rule, are notably low for mills that saw carefully 
and utilize closely the small material. The following comparison of 
the yields in board feet at 50 years by the Scribner rule (Table III) 
with those by the International rule (Table IJ), which includes also 
the 6-inch trees, shows the conservatism of the Scribner figures. 


Site index Scribner International 
80 14,200 21,200 
70 9,600 16,700 
60 4,300 10,700 


On site index 40, aspen will not produce enough trees more than 6 
inches in diameter to provide an appreciable yield. On site index 50, 
at 70 years, it will produce only 6,600 board feet, by the Scribner rule. 
Even this amount would have to be discounted by at least 20 per cent 
for decay. As with cordwood, therefore, it is not likely to be profitable. 
to grow aspen for lumber on site indexes less than 55. 


b 
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Where paper birch predominates in mixture with aspen or occurs 
in almost pure stands, the growth and yield figures for aspen are not 
directly applicable. In order to indicate the development, growth, and 
yield of paper birch, areas were selected from the 38 that were measured 
to represent relatively pure and well stocked paper birch stands. The 
figures are given in Table V. The average dominant height on these 
areas corresponded to aspen site indexes between 50 and €0. In gen- 
eral, paper birch on corresponding soils has a lower site index value, 
grows more slowly, and yields less at the same age than aspen. This 
is indicated by the fact that paper birch plots, as a whole, may be 
represented by a site index of about 53—the average for the aspen 
plots was 64. In other words, the average dominant tree at 50 years 
in a paper birch stand would be 53 feet high; aspen on the same area 
would be 64 feet. If the yields at 55 years and site index 60 are 
compared, paper birch would produce 38 cords to the acre and aspen 
47 cords in well stocked stands. 


TABLE V 


YreLp oF RELATIVELY Pure, WeLt Stockep Paper Bircu STANDS, wITH AvERAGE DOMINANT 
Hercut CorrEspONDING To Site InpEx CLassEs 50 AND 60 OF ASPEN 


Site index class 


50 60 
Age, - -—— - - - 
years No. of trees Av. No. of trees Av. 
6 inches number 6 inches number 
and more of cords and more of cords 
per acre per acre 
BO berainistensit es) neice, aue I0— 30 8 
PO Ve nicreer cise cele: aise 50-100 15 150-250 25 
Chas 3 ech 150-250 21 300-400 35 
OS ra 200-350" 26 300-400 40 


Volume tables giving the contents of standing trees of paper birch 
in total cubic feet, merchantable cubic feet to a 3-inch top diameter, 
and cords were prepared from analyses of 116 paper birches and are 
included in Tables XVIII, XIX, and XX, in the appendix. 


Understocked Stands 


The density, or number of trees per acre, which has been discussed, 
is not the most reliable index of stocking for use in the prediction of 
growth or yield of aspen, because the relation between changes in 
number of trees per acre and increase in volume as the stands grow 
older is not consistent. Better measures of the degree of stocking are 
afforded by basal area, total volume, or average annual growth per acre. 
Basal area, or the sum of the areas of the cross-sections of the stems 
of the trees at breast height reduced to an acre basis, is the simplest 
measure to compute and to use. It was used as the criterion of stocking 
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in the preparation of the yield tables and in comparisons of under- 
stocked and overstocked with well stocked stands. The relation between 
increase in basal area and in volume is sufficiently definite that changes 
in basal area may be used for rough predictions of changes in volume.* 

In preparing yield tables, which include columns of. basal area per 
acre, plots were eliminated that were less than 69 per cent* stocked as 
compared with the average for each 10-foot age and 10-foot site index 
class. The areas measured without regard to good stocking of aspen 
were more than 25 per cent understocked by basal area of aspen in 93 
out of 144 cases, or 65 per cent. If conifers are included in the basal 
area, only about 8 per cent of the plots were understocked by as much 
as 25 per cent. It is estimated that in comparison with the averages for 
well stocked stands given in the yield tables, two-thirds of the area of 
the aspen-birch forest is understocked and grows less rapidly in volume 
than is indicated in the yield tables. 

Understocking may cause a serious inaccuracy in the prediction of 
growth by the use of the yield tables. Altho only a few areas examined 
were less than 50 per cent stocked, the use of yield tables on these areas 
can not be recommended. A wide difference is obtained between the 
well stocked stands on which the yield table is based and the poorly 
stocked stands. For example, a 34-year-old stand was found on a 
site indicated by the average height of the dominant trees to have an 
index of 44, and the basal area, the number of trees, and the volume 
were all below that given by the yield table for this age and site index. 
The basal area was 35 square feet, only 56 per cent of the 63 square 
feet given in the yield table. There were only 170 aspens per acre. 
that were one inch and more in diameter, as compared with the normal 
of 1,880, or only 9 per cent. In volume, the stand had 405 cubic feet, 
42 per cent of the 960 cubic feet given by the yield table. Such a com- 
parison clearly shows the danger of applying yield tables based on well 
stocked stands to poorly stocked stands. 

A further indication that yield tables are unsuitable for stands like 
the example given is that open growing trees usually form large, bushy 
crowns at the expense of their growth in height, so their average domi- 
nant height is not a true index of the site. For instance, the site index 
of 44 for the stand described is low. The soil and vegetation showed 
that the true site index for this area would have been at least 58, if 
the stand had been fully stocked. The effect of understocking on the 
height growth and, therefore, the site index in badly understocked 
stands, may often be difficult to detect, hence the use of the yield tables 

? This method neglects relatively small differences in the stands caused by changes in form 
end height. , 


4The + 31 per cent deviation from good stocking represented twice the standard devia- 
ton of the distribution of the plots about the mean. 


Mate NeANDS IN THE LAKE. STATES 20 


as a basis for predicting growth by basal area in stands more than 50 
per cent understocked is not recommended. 

Understocking may be evident, also, in its effect on the size of the 
average tree in the stand as well as on the number of trees, basal area, 
and volume per acre. Usually the average tree is larger in an under- 
stocked stand than in a well stocked stand of the same age and site 
index class. For example, one plot 66 per cent stocked by basal area 
and only 25 per cent by number of aspens one inch and more in diam- 
eter per acre, had an average diameter of 8.9 inches as compared with 
6.4 inches for the well stocked stands of corresponding age and site. 
This relationship is sometimes reversed, but not often. The high yields 
of fully stocked stands are due in no small degree to the large number 
of trees per unit of area. 

The use of yield tables for the prediction of growth involves (1) 
the determination of the age of the stand and of the site index from 
the relation between the average height of the dominant trees and the 
age. The site index should be checked by noting the other species of 
trees and the ground cover associated with the aspen and by the char- 
acter of the soil. (2) An inventory should be made from representative 
strips or sample areas to show the number of trees per acre of different 
diameters. From this inventory the basal area per acre may be deter- 
mined by the use of tables of basal area or areas of circles. (3) The 
computed basal area should then be compared with the basal area for 
the same age and site index class as shown in the yield table and the 
percentage calculated of the actual stand as compared with the well 
stocked stand. (4) The volume that a well stocked stand would have at 
IO, 20, 30, or more years in the future may be obtained from the tables. 
Multiplying this figure of future volume by the percentage of actual 
present stocking by basal area, an indication of the yield of the under- 
stocked stand for 10, 20, or 30 years in the future will be obtained. An 
example will make the calculation clearer. Plot 15 was found to be 
27 years old and had a site index of 70. Its basal area from measure- 
ment of the diameters of the trees was 73.5 square feet. The well 
stocked basal area for site index 70 and 27 years (Table I) is 97 square 
feet. The stand is therefore 76 per cent stocked. It is Cesired to 
know what this stand may be expected to produce when it is 50 years 
old. The volume of a well stocked 50-year stand on site index 70 is 
4,060 cubic feet. Multiplying 4,060 by 76 per cent gives 3,086 cubic 
feet, the predicted volume of the stand after 23 years, when it becomes 
50 years old. 

The calculated future yields of understocked stands obtained in this 
way are usually less than actual yields, because as the more open stands 
grow older, fewer trees are crowded out and the trees grow morc 
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rapidly in diameter than in fully stocked stands. This method of 
predicting yields is reliable and its conservatism may often be desirable 
to compensate for unforeseen damage or losses. 


Overstocked Stands 


Overstocking may be defined in several ways. The most definite, 
altho an arbitrary way, is by comparison with the basal areas of well 
stocked stands in the yield table (Table 1). The degree of overstocking 
may then be measured by the percentage by which the basal area of a 
given stand exceeds that of the yield table for the corresponding age 
and site index. Stands having not more than 31 per cent greater basal 
area than the average of the well stocked stands were included in the 
preparation of the yield tables. Overstocked stands may therefore be 
considered to include only those that have more than 31 per cent excess 
of basal area. This is undoubtedly a higher limit for overstocking than 
was set by Hansen (1923) ; consequently many stands classified by him 
as overstocked would not be so classified according to this standard. 

Another approach may be made by considering that overstocking, 
to have any significance, should be indicated by measurable stagnation 
of growth in diameter, volume per acre, or height. Depression of 
height growth would lower the site index. Only one stand was found 
in which the apparent stagnation, from observation in the field, was 
confirmed when the measurements were worked up. In this case the 
height of the dominant trees at 36 years indicated a site index of 50. 
On this basis the plot had 71 per cent excess basal area. The vegetation 
and soil, however, showed conclusively that the site index should have 
been at least 62—overstocking had reduced it by 12 units. Additional 
evidence of error in the site index was provided by the number of trees 
per acre, which, in a stand so heavily overstocked by basal area, would 
be expected to be decidedly higher than the yield table value. Actually 
it was lower. This indicated that the stand belonged to a higher site 
index class, because the number of trees per acre decreases as the site 
index increases. Furthermore, the average tree was one inch larger 
in diameter than the yield table value for that age and site index. This 
again suggested a higher site index, because the average tree in an 
overstocked stand would ordinarily be smaller than the yield table 
average. The reassignment of this stand to site index 62 reduced the 
degree of overstocking from 71 per cent to 29 per cent and made con- 
sistent the relationship to the well stocked stands in number of trees 
per acre and in size of average tree. This effect of overstocking in 
reducing the height growth and consequently the site index may cause 
serious discrepancies in all comparisons with the yield table and in’ 
predictions of growth. As it is not easy to detect, all available means 
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should be used to check the determination of site index figures derived 
from the average dominant heights. Fortunately, overstocking to a 
degree that will cause a serious depression of the site index is probably 
uncommon and limited to small areas. 

The measured plots included only three that had more than 31 per 
cent excess of basal area as compared with the yield table. Excluding 
the one just cited, the other two, altho they had 34 and 35 per cent 
excess of basal area, respectively, showed no evidence of stagnation. 

The stands that had more than 25 per cent excess of basal area 
show that this degree of overstocking, or 40 per cent excess in number 
of trees per acre as compared with the yield table, does not cause 
stagnation but results in proportionately higher yields. For example, 
a stand 47 years old with site index 69 had a basal area per acre of 
178 square feet, or 38 per cent above the 129 square feet of the yield 
table. The plot had 800 trees above one inch in diameter to the acre 
as compared with the well stocked average of 570, a 40 per cent excess. 
There were 532 trees 6 inches and more in diameter per acre as com- 
pared with 390 for the well stocked stand. The total volume was 5,082 
cubic feet per acre, 35 per cent above the normal of 3,760. The size 
of the average tree, however, was only 6.2 inches—a little less than the 
normal of 6.4. Both the basal area and the number of trees per acre 
clearly suggest the possibility of stagnation due to overstocking; yet 
the total volume and the average annual growth per acre of 108 cubic 
feet are as much in excess of the yield table value as are the figures for 
basal area or number of trees. The conclusion seems justified that 
overstocking in aspen to an extent sufficient to cause stagnation of 
growth is extremely rare, and is usually not operative even in stands 
that appear to be too dense for their best development. 


MATURITY, ROTATION, AND LONGEVITY 


The maturity of a forest may be determined technically by finding 
the age at which the average annual growth culminates and» overtakes 
the current annual growth. On the average site for aspen the average 
annual growth culminates at about 50 years, when it amounts to 64 
cubic feet per acre. The current annual growth for 1o-year periods 
reaches a peak of 77 cubic feet per acre between 40 and 50 years and 
declines until it is exceeded by the average annual growth at about 50 
years. This is a desirable age at which to cut the stands, provided the 
trees have reached sizes suitab'e for commercial utilization. 

Rotation is a term used to express the approximate age at which 
forest stands will be cut. With aspen, a rotation of 50 years for site 
index classes 60, 70, and 80 corresponds to the age of maturity or 
“maximum average annual volume growth, and also provides a high 
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yield of trees more than 6 inches in diameter suitable for pulpwood, 
box boards, or small saw timber. In site index class 50, the trees do 
not reach an average diameter of 6 inches until after they are 60 years 
old. The rotation, therefore, would usually be not less than 60 years. 
On the poorest sites, represented by index class 40, it is doubtful 
whether aspen stands will survive long enough to become marketable. 

For merchantable saw timber, a rotation of 60 or 70 years will 
usually be necessary. The average annual growth does not culminate 
until the stands are 70 years old or older. The longer rotations for saw 
timber are advisable only in the site index classes of 80, 70, and the 
upper part of 60. 

After 60 years the average annual growth declines, owing to the 
death of the crowded trees. The larger trees in the stands, however, 
continue to increase in diameter until they become 100 years old or 
even a little older. The oldest well stocked stand measured was 85 
years old, on site index 72. It had an average diameter of 12% inches, 
and a maximum diameter of 17 inches. A patch of aspen that had 
come up in an opening in the old-growth pine forest before it was cut 
was 95 years old, 100 feet high, with trees up to 18 inches in diameter. 
Occasional trees are found as large as 20 inches in diameter. However, 
stands of aspen more than 75 or 80 years old are rare and have little 
importance. 


Influence of Decay in Forest Management of Aspen 


The development of decay in aspen was studied by Schmitz and 
Jackson (1927). By applying their figures of the average percentage 
of intermediate and final decay on an average site (site index 60) at 
different ages to the average annual volume growth from the yield 
table, the following figures of reduced or net annual growth are 
obtained. 


Avy. gross Av. net 
Age, annual Decay, annual 
years growth per cent growth 
cu. ft. cu. ft. 
40 61 7. 56 
50 64 re? 57 
60 64 15.7 54 
70 61 20.5 40 


The percentage of decay up to 50 years is not large enough to 
change materially the culmination of the average annual growth, which 
comes at about 50 years for net as for gross growth. The increasing 
rate of decay after 50 years emphasizes the advantage of harvesting 
aspen by that age wherever the trees are large enough to make their 
exploitation economically practicable. Furthermore, it shows that rota- 
tions of 70 years or more, such as would be required to grow aspen to 
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merchantable size on poor sites, are inadvisable. Occasional stands as 
old as 75 years, however, have less than the average percentage of 
decay and produce good yields of saw timber. A good example is 
the stand 75 years old with site index 78 that was cut on the Chippewa 
National Forest for box boards in 1924 and 1925. This stand had less 
than 5 per cent of serious decay. 

The question whether decay is more serious on poor sites than on 
good sites has not been answered. There is a general impression among 
those familiar with the region that the aspen goes to pieces earlier from 
decay or some other cause on poor sites than on good sites. This im- 
pression is confirmed by the distribution of the measured plots in rela- 
tion to age and site index. In spite of the fact that a special attempt 
was made to obtain data representative of all the age and site index 
classes, none of those with site index less than 50 were more than 45 
years old, those of site index between 50 and 55 were less than 60 years 
old, and the few plots over 74 years old had site indexes over 65. 
Schmitz and Jackson (1927), however, suggest from data rezarding 
the prevalence of decay in trees of different sizes that the quality of 
site makes little or no difference. This question can not be answered 
satisfactorily until more definite evidence is available. 

Summarizing the subject of maturity and rotation, it may be said 
that aspen will produce good yields of pulpwood in 50 or 60 years on 
site indexes higher than 55, and that stands on site indexes above 60 
may often be grown to 70 years for the production of saw timber. On 
the other hand, aspen on site indexes less than 50 will probably never 
produce a merchantable crop of timber before a large proportion of the 
trees becomes unmerchantable from decay or other causes. An inter- 
mediate group of stands on site indexes between 50 and 55 may be 
grown to produce pulpwood on a rotation of 60 years, but can not 
safely be held for longer rotations to produce saw timber. 


REPRODUCTION OF ASPEN 


Aspen reproduces so abundantly by suckers that its seeding habits 
are comparatively little known. The “cotton” is produced in great 
quantities in most years by the female trees. Locally, however, only 
one in 30 of the trees may bear seed. One tree 1% inches in diameter 
and 11 feet high had 213 catkins with an average of 22 fruit capsules 
on each catkin. With several or many seeds from each catkin, the 
seed production from a mature stand would evidently be enormous. 
The seeds mature about May 15 and fall from then until early in June. 
For this brief period the air may be full of the cotton and the ground 
covered with a mat of it. The small size of the seed and its fitness for 
wide distribution by the wind is indicated by the fact that there are 
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2% to 3 million of the seeds to a pound. A large proportion of the 
seeds, however, at least in some years, do not mature. The viability 
of fresh fertile seeds is high but lasts not more than two or three weeks 
after they are mature. Germination begins within 12 hours after the 
seeds fall and is complete within a week if conditions are favorable. 


Seedlings 


In spite of the enormous production of aspen seed, the number of 
seedlings in most years is small. Apparently, seedlings start abundantly 
only in the occasional year in which good rains occur and the ground 
is thoroly moist during the brief period while the seeds are falling and 
retain their vitality. 

The distribution of seed in effective quantities for long distances is 
illustrated by a stand, apparently of seedling origin, in northern Mich- 
igan. Seven years after a heavy cutting in an old-growth forest of 
sugar maple, there are on the average 2,218 aspens to the acre, aver- 
aging 16 feet in height and far overtopping the still more abundant 
reproduction of maple. Careful examination of the remaining old- 
growth forests adjacent does not reveal any aspen and apparently the 
numerous aspen seedlings originated from seed trees at a considerable 
distance from the area. 

In general, however, so many of the seedl'ngs die, even when seeds 
have been abundant, that the reproduction of aspen from seed is com- 
paratively unimportant, especially in the production of a complete stand 
in the first generation. The abundant production and wide distribution 
of the tiny seeds are extremely important, however, in accounting for 
the extensive range of aspen and the small number of poorly developed 
trees in many stands of other forest types. In the northern Lake 
States seeding has been much less important in the creation of the 
millions of acres of aspen forest than has regeneration by root suckers. 


Suckers 


The preponderance of aspen forest in even-aged well stocked stands 
on areas known to have been burned repeatedly, is strong evidence of 
the part played by fires and of subsequent suckering. The vigorous 
growth of young trees the first year after cutting or fire would hardly 
be possible for aspen seedlings and affords further evidence of the 
origin of the stands. 

The roots form a network of horizontally spreading laterals that 
are always within 2 feet and frequently within a few inches of the 
surface (Baker, 1923). The suckers develop from parts of the roots 
within 6 inches of the surface, after cutting or fire that kills the trees. 
Several suckers may come from the same root. Figure 5 shows a root 
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of aspen 24 years old from which two suckers started where the root 
passed over a rock ledge and was covered by only a layer of leaf litter. 
The stems of the two suckers were 15 years old, that is, they started 
when a previous 9-year-old stand was killed by fire. The small roots 
that come off the main root near the suckers are from g to 12 years old 
and illustrate the characteristic formation of new roots near the point 
where each sucker develops. The specimen shown in Figure 5 was 
obtained in northeastern Minnesota; the point where the suckers came 
up was 10 or 12 feet along the root from the parent tree. 


Fig. 5. Stems of Two Aspen Suckers, 15 Years Old, from Foot 23 Years Old, with 
Branch Roots 9 to 12 Years Old 
Specimen loaned by courtesy of T. S. Hansen. 


The number of suckers in the first one to 3 years after cutting 
or fire is large, and decreases rapidly as the trees grow older and the 
competition between them becomes more intense. Baker (1923) found 
more than 85,000 suckers to the acre at the end of the first year after 
spring cutting. The number decreased in the second and third years. 
The Dominion Forest Service, on experimental plots at Petawawa, 
Ontario, found that the number of suckers increased from the first to 
the third years after cutting and then decreased. On an experimental 
area in the Chippewa National Forest, cut clear in May, 19,060 suckers 
per acre were found at the end of the first year. Weigle and Frothing- 
ham (1911), working in Maine, found that after the ninth year dominant 
suckers in good condition were found only in stands of crown densities 
Oi 0-3 00 less. 

In the stands examined in Minnesota and Wisconsin that had pro-- 
duced any considerable number of suckers as a result of light fires or 
low density, the number of suckers increased with the age of the parent 
stand from 30 years to a maximum at 70 years, and then decreased as 
the vigor of the parent stand declined. The maximum number of 

suckers found per acre was 4,500 in a 70-year-old stand that had 170 
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aspens more than one inch in diameter to the acre. Even at 95 years, 
one stand had 2,300 suckers of recent origin to the acre. 

The relation of the number of suckers to the density of the parent 
stand is less well marked than the relation to age. The number of 
suckers decreases and rarely exceeds 600 to the acre in stands that have 
more than 250 trees to the acre. Two exceptional cases were found, 
however, in one of which a stand of 420 trees had 1,200 suckers to the 
acre, and in the other, a stand with 700 trees to the acre, 50 years old, 
had 150 suckers. The number of suckers increases as the number of 
trees in the parent stand decreases below 250 to the acre. In stands 
of 150 trees, about 1,000 suckers to the acre were found on the average 
and in those of 100 trees, about 1,200 per acre. A 39-year-old stand 
on an experimental area in the Chippewa National Forest had, before 
cutting, from 137 to 1,020 suckers per acre. This indicates that in 
well stocked stands 40 to 65 years old with more than 250 trees to the 
acre there are from one to 3 suckers for each large tree. After cutting 
292 out of 424 trees, or 69 per cent, 4 suckers for each cut tree came 
up the first year. After cutting 233, or about half the trees, 27 suckers 
per tree came up. After clear cutting of the 640 trees per acre, 30 
suckers per tree developed the first year. 

General conclusions as to relationships between suckering and age, 
density, season and degree of cutting, and fire in the parent stand can 
not be drawn from the limited data available, but the data are ample 
to show the tremendous capacity of the aspen stands to regenerate them- 
selves by suckering after cutting or fire. 


MANAGEMENT OF PURE ASPEN AS A 
PERMANENT CROP 


A large part of the aspen in the northern Lake States consists of 
comparatively well stocked stands, most of them less than 20 years old, 
but with considerable areas up to 40 or 50 years old and already of 
merchantable size. Allowing for some poor stocking, these stands over 
considerable areas should produce from 10 to 30 cords to the acre at 
40 to 50 years of age, or even more on the medium and good sites, rep- 
resented by site index 55 or over. 

In order to carry the younger unmerchantable stands to maturity, 
protection from fire is essential. Even a light fire kills many of the 
aspens and indirectly causes the early death of most of those that may 

survive for a few years. If the object of management is to obtain a 
new crop of aspen after cutting, it is only necessary to cut all the 
merchantable material; the new crop of suckers will provide ample 
and prompt regeneration. ; 

The cost of growing aspen is low. It establishes itself without cost. 

Land values on the rocky or stony soils and on the better soils in the 


ASPEN LANDS IN THE LAKE STATES 37 


northern parts of the region that are not yet needed for agricultural 
development, are or should be not more than $1.00 or $2.00 an acre. 
If taxes are assumed to be 10 cents per acre per year, fire protection 
3 cents, and the yield 20 cords to the acre in 40 years, the crop of 
aspen wil! earn 6 per cent if it has a stumpage value when cut of 
$1.93 per cord. It will earn 5 per cent if it has a value of $1.39. If 
on a poorer site, where it requires 50 years to produce zo cords to the 
acre, it will earn 5 per cent if the stumpage value is $2.41. Prices of stand- 
ing aspen, sold in 1926 in Minnesota for cordwood, ranged from 25 cents 
to $1.00 fer cord, with an average of 75 cents; and for lumber, from 
$1.00 to $3.00 per 1,000 board feet, with an average of $2.25 (Wacker- 
man, 1926). It is not unreasonable to anticipate that aspen 20 or 30 
years in the future will have values of $1.50 to $2.50 per cord. Tables 
VI and VII show the future stumpage values that aspen must have 
to earn 3, 4, 5, or 6 per cent interest under different combinations of 
taxes, yields, and rotations. For any company or owner who has a use 
or a market for aspen, its management as a crop for pulpwood is not 
unattractive. 


TABLE VI 
ASPEN STUMPAGE VALUES PER CorD AT 40 YEARS 
Yield 
per Annual taxes plus 3 cents fire protection, per acre 
Eiead 8 cents 13 cents 18 cents 23 cents 33 cents 43 cents 
To earn 3 per cent 
2S So gE $2.11 $2.86 $3.62 $4.37 $5.88 S737 
AOE pesatiaret aps ote 1.06 1.43 1.81 2.19 2.94 3-69 
EZ OMT acnesats sists 0.53 0.72 0.91 1.09 1.47 1.84 
BO eccbaisripe ig s.:cie 0.35 0.48 0.60 0.73 0.98 nee) 
To earn 4 per cent 
Siete cten a ee 3.04 3-99 4.95 5.89 7-79 9.68 
1s AP botceg teoke 1.52 2.00 2.47 2.94 3.89 4.84 
On ane a 4e\ Sree ahs 0.7 1.00 1.24 incr) 1.95 2.42 
BOP awake. hee 0.5 0.67 0.82 0.98 1.30 1.61 
To earn 5 per cent 
A Sine 4.35 3.55 6.75 7.98 10.38 12.80 
TiQvarersicde,.s ohaheicats ad 2.78 3037, 399 5.19 6.40 
EXC), Ane SERS 1.09 1.39 1.69 I 99 2.59 3.20 
BOW es fp arskeie eS 0.72 0.93 ee) TG 173 2.13 
To earn 6 per cent 
Et cin Stacie nena 6.18 7.74 9.28 10.83 13.93 17.03 
Manes ibis apscahors 3 09 3.87 4.64 5.41 6.97 8.52 
BO gio eae PigtOlO TaSef) 1.93 2.32 2.70 3.48 4.26 
Col enee Bh ORO COe 1.03 1.29 1.55 1.80 2.32 2.84 


38 MINNESOTA TECHNICAL BULLETIN 60 


TABLE VII 
ASPEN STUMPAGE VALUES PER Corp AT 50 YEARS 
Yield ‘ 
per Annual taxes plus 3 cents. fire protection, per acre 
acre, é Lena 
cords 8 cents 13 cents 18 cents 23 cents 33 cents 43 cents 
To earn 3 per cent 
Ton oe. aoe $1.58 $2.14 2.70 $3.27 $4.39 $5.52 
ZA Oiolca cotre seis vetracst he 0.79 1.07 Ts 1.63 2.19 2.76 
BOs ates chs nade 0.53 0.71 0.90 1.09 1.46 1.84 
HES oe chant eae 0.39 0.54 0.68 0.82 1.30 1.38 
To earn 4 ver cent 
LOchaiwieerstonpainre 2.44 3.21 3.97 4.75 6.26 YE7G) 
Yonica epaene cic o Tee 1.60 1.99 2.37, 3.13 3.89 
Ea Gira revels Toler ualtegee 0.81 1.07 1.32 1.68 2.09 2.60 
AON cca cna ase as pea 0.61 0.80 0.99 eats Te 7 r.93 
To earn 5 per cent 
Ole eicuieers oe Bo. 4.82 5.86 6.91 9.00 11.10 
BO tiers seen 1.89 2.41 2.93 3-45 4.50 5.55 
BR OEnel at a aie 1.26 1.61 1.96 2.30 3.00 3.70 
AOieistakann ae abner 0.94 1.20 1.46 Dong 2.25 2.75 
To earn 6 per cent 
RO araestnie aesgee te 5.80 7.26 8.71 10.16 13.08 15.97 
BO ng whieh Saree 2.90 3.63 4.35 5.08 6.54 7.93 
BO reorient 1.93 2.42 2.90 3.39 4.36 5.32 
AOwr py cee wees 1.45 1.81 2.18 2.54 3.27 3-99 


NATURAL CONVERSION OF ASPEN TO CONIFERS 


Considering the large areas on which aspen is now unmarketable 
and the probable oversupply for some years to come, the conversion 
of aspen to less abundant and more valuable species requires thoro 
consideration. ‘The proportion of the aspen-birch lands that have ap- 
preciable numbers of white or Norway pine, white or black spruce, 
balsam fir, or northern white cedar with or under the aspen, in the 
northern Lake States region, is estimated at between 10 and 20 per 
cent. Certain areas that have had special protection from fire, such as 
the National Forests in Minnesota (Fig. 6), the State Forest in Vilas 
County, Wisconsin (Fig. 7), and an area near Drummond, Wisconsin, 
where cut-over pine lands have been protected from fire by the company 
owning them, have considerable numbers of conifers on 30 or 40 per 
cent of the aspen type. More commonly, however, wide areas of the 
aspen type have only a negligible number of conifers in mixture. 

Of the conifers that make up the 15, per cent of the aspen type 
being converted naturally, balsam fir is the most aggressive. Consider- 
ing as a whole the area where aspen was mixed with conifers in St. 
Louis County, Minnesota, Hansen (1923) found the percentage of 
representation of the different species to be, for balsana fir 54, ‘for 
Norway pine 20, for spruce 14, and for white pine 12. These propor- 
tions vary in different parts of the region and depend to a considerable 
extent on the composition of the old growth that was cut. The mixtures 
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Fig. 6. Natural Conversion of Aspen-Birch to Balsam Fir 


St. Louis County, Minnesota 


of Norway pine and aspen are usually found on sandy, gravelly soils 
where the old stand contained considerable proportions of Norway pine. 
Black spruce occurs with the aspen in the margins of black spruce 


swamps, particularly in northeastern Minnesota. White pine is the 


Fig. 7. Natural Conversion of Aspen to Norway and White Pine 


Oneida County, Wisconsin 
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predominating associate of aspen in the belt through north central Wis- 
consin and Minnesota where heavy white pine stands were logged. 
Similarly, white spruce with the aspen is.found most commonly in 
northern Minnesota in areas where white spruce predominated in the 
original forest (Kenety, 1917). 

On the whole, if only 15 per cent of the area of the aspen type is 
being converted naturally to conifers and of that 15 per cent, balsam 
fir, the least valuable, contributes the largest part, natural conversion 
does not offer a prompt solution of the problem of the aspen lands. Is 
the proportion of the aspen type that contains a mixture of conifers 
increasing? If so, how fast, and what are the prospects that it will 
increase more rapidly in the future? Several elements affect the process 
and will be considered separately. 


Advance Growth in Original Coniferous Stands 


Large areas of the stands of old-growth white and Norway pine 
and white spruce and balsam fir were sufficiently open or irregular that 
seedlings of those species had become established in considerable num- 
bers before the timber was cut. There were usually enough to form a 
new stand. Seedlings of balsam fir, white spruce, and white pine, most 
of which were established before the cutting, were found by Robbins 
(1928) at the rate of 456 to 3,074 to the acre on an area cut over 
3 to 5 years previously at the eastern end of the Upper Peninsula of 
Michigan. Counts of 1,3c0 to 21,500 white pine seedlings to the acre 
under stands of old-growth white pine have been cited. An examina- 
tion of the cut-over areas on the Chippewa National Forest, shortly 
after the cutting, showed the existence of a large amount of advance 
growth (Zon, 1912). It is almost always evident in the remaining stands 
of old-growth pine and spruce that have not been recently burned. The 
age of many of the larger conifers associated with the aspen indicated 
that they were survivors of the advance growth, which started before 
the original stand was cut and escaped subsequent fires. Except for 
the fires, most of the aspen-paper birch area would be covered with 
second-growth pine, spruce, and balsam fir from the advance growth 
in the old stands. 


Source and Supply of Coniferous Seed 


The old stands of pine or spruce bore seed abundantly, at least every 
few years. After the seed years, a good supply of seed was on the 
ground at the time of logging, especially on areas of white pine, because 
part of the seed does not germinate until the second season. The early 
logging left almost all the balsam fir and the pines and spruces that 
yvere too small to be merchantable but still large enough to bear seed. 
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These trees scattered seed after logging, altho that source of seed has 
gradually diminished as the trees have been wind-thrown or destroyed 
by fire. They also provided some shade on the cut-over areas. On 
the whole, therefore, the few years immediately after logging and be- 
fore the aspen cover was complete were favorable for the seeding and 
establishment of the conifers. The age of the conifers in the present 
aspen stands shows that a considerable part of the pine and spruce was 
established at the time of or just after the old cutting. 


Seed Trees 


Some medium-sized and most of the defective trees of all sizes of 
pine and spruce were left at the time of logging and survived many 
years. They have served as seed trees, altho they were not left 
for that purpose. They have scattered considerable quantities of 
seed periodically in seed years. Altho most of the seed is eaten by 
rodents or birds, an occasional seedling starts under the aspen and 
promotes the process of natural conversion. 

White and Norway pine and the spruces do not begin to bear seed 
in any quantity until they are 5 or 6 inches in diameter and 30 or 4o 
years old. The trees must be considerably larger before they are 
thoroly effective as seed trees. A moderately large seed tree of white 
pine produces from 12,000 to 25,000 seeds every 3 or 4 years (Fig. 8). 
A Norway pine seed tree produces 25,c00 to 50,000 seeds every 6 or 7 
years. The winged seeds are disseminated in considerable numbers 
for 300 to 500 feet from the parent tree. Notwithstanding these con- 
siderable quantities of seed, the remaining seed trees are not wholly 
effective, for there are rarely as many as 1,000 coniferous seedlings to 
the acre in the aspen stands near seed trees that have been producing 
seed for many years. 

Few seed trees are left on the aspen lands and they are usually 
isoalted or in widely scattered groups. Considerable numbers of white 
and Norway pine remain on the Chippewa National Forest, where they 
were reserved, and on other state and national forests where they have 
been protected. Elsewhere, the small number of seed trees is one of 
the principal reasons for the unsatisfactory progress of natural conver- 
sion. 

The relation between the number of established coniferous seedlings 
in aspen stands and the number or distance or direction of the parent 
seed trees is not definite. It has doubtless been obscured by the oc- 
currence of fires and other causes of loss. On one area that had 10 
white pine seed trees within 300 feet and at an average distance of 
130 feet from the plot, only 200 seedlings to the acre were found. 
Good reproduction of white pine from seed trees was found on plot: 
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Fig. 8. Aspen Stand with Large White Pine Seed Tree 
Chippewa National Forest, Minnesota 


in Cheboygan County, Michigan, only where there were more than 5 
seed trees to the acre; the Norway pine reproduction was poor, even 
with as many as 14 seed trees to the acre (Cashen, 1923). A careful 
count of the seedlings on permanent sample plots in a 4o-year stand 
of aspen on the Chippewa National Forest showed that 3 good white 
pine seed trees on 2 acres had produced only 200 seedlings to the acre 
in g years and were therefore only partially effective in reseeding. On 
another plot with 53 seed trees within 200 feet, or 10 to the acre, 748 
seedlings had started in the 9 years. On a third plot, 8 seed trees to 
the acre, chiefly to the northwest and southwest, whence the prevailing 
winds blow, produced 1,300 seedlings to the acre. The conclusion is 
suggested that at least 4 good seed trees to the acre, the equivalent of a 
spacing of about 104 feet. and probably 7 to 10 to the acre, spaced about 
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70 feet apart, are needed to provide adequate natural reproduction in 
the aspen type. 

Except in occasional small areas, the seed trees remaining on the 
aspen lands are too few and too widely scattered to convert the millions 
of acres to coniferous species in any reasonable period of time. The 
poor character of many of the trees left after logging, resulting in small 
production of seed; the large number that have died since logging ; and 
the periodic occurrence of seed years, which only occasionally synchron- 
ize with favorable moisture and other conditions, make the establishment 
of coniferous reproduction from seed trees slow, irregular, and generally 
unsatisfactory. These are not the only elements, however, that influence 
the process. 


Effect of Rodents and Other Forms of Animal Life on 
Establishment of Conifers 


‘The interacting influences of the many forms of animal life in the 
forest on the processes of forest regeneration and development are 
extremely complex. Certain obvious things about them are known, 
such as the damage caused during the periods when certain forms of 
animal life become overabundant in re!ation to their food supply. In 
some ways animal life in the forest may be beneficial. Birds and 
squirrels and probably other animals carry and distribute tree seed. 
Some seeds that they hide and fail to find germinate and thus help in 
the dissemination of those species. Unquestionably, the lower forms 
of animal life, like the insects, protozoa, and bacteria, are sometimes 
extremely important in controlling outbreaks of higher forms that are 
doing great damage to the forest, and in maintaining and promoting 
desirable physical and chemical qualities in the forest floor and soil. 

For the most part, however, available information about the effect 
of animal life in the conversion of aspen bears upon its influence in 
hampering the establishment of the conifers. The lack of abundant or 
even satisfactory reproduction of pine and spruce in the aspen stands 
is certainly due in part to the scarcity of seed left to germinate. Red 
squirrels, ground squirrels, chipmunks, mice, and certain finches, such 
as the grosbeak and the crossbill, regularly eat conifer seeds, particu- 
larly those of the pines. Instances are cited by Pulling (1924) of poor 
and even of good seed years in which red squirrels cut all the cones 
on white pine seed trees days or weeks before maturity. The large 
proportion of Norway and white pine cones collected on the ground 
from caches or immediately after they are cut by squirrels offers addi- 
tional evidence. In aspen stands where few seed trees are left, the 
rodents and birds undoubtedly get most of the seed in poor seed years 
and a large part of it even in heavy seed years. 
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Additional concrete evidence is provided by the seed spots of white 
pine and white spruce under 40-year aspen on the Chippewa National 
Forest. Part of the spots were protected by-wire screens of one-quarter 
inch mesh for comparison with those not protected. The germination 
percentage for white pine at the end of the second season was increased 
as a result of screening from 2% per cent to 8 per cent where the for- 
est floor was left, and from 5 per cent to 22 per cent where it was 
removed. For white spruce the increase was from 9% per cent to I5 
per cent. There was evidence that some small rodent had burrowed 
under the buried edges of the wire and come up under the screens, so 
the protection was probably not complete. Even so, the considerable 
increase in seedlings may be attributed to the protection of the seed 
from rodents. At the Petawawa Experiment Station, in Ontario, sim- 
ilar protection of seed spots with wire screens gave an enormous “catch” 
of coniferous seedlings. 

Hardly less important than the effect on seed supply is the direct 
damage done by various animals to established coniferous seedlings. 
Deer, when they become abundant, may browse the foliage of coniferous 
trees, as they have done in the aspen type in Itasca State Park, 
Minnesota. Squirrels and birds occasionally nip off the terminal buds 
(Hosley, 1928). Porcupines gnaw the bark from the upper parts of 
the trees and sometimes girdle them, so the tops are killed. These are 
minor forms of damage, however, and have not been serious in the 
northern Lake States. Grazing sheep, goats, cattle, or horses, especially 
if they are confined in a limited area, are almost certain to damage 
and kill a part or all of the coniferous growth within their reach. This 
damage is localized near farms and will be serious only locally as long 
as a large part of the aspen type remains unsettled. 

The most serious animal damage that has occurred recently was 
caused by snowshoe rabbits when they increased to enormous numbers 
in 1925 and 1926 and at intervals of 6 or 7 years prior to that time. 
The damage by the rabbits is done chiefly in late winter or spring when 
the snow crusts over and they are forced to feed on the tops of the 
coniferous trees between I and 4 feet high that project above the snow. 
The best evidence of damage by rabbits may be found in plantations 
of pines made at various places in northern Minnesota in the aspen- 
birch type. Near Orr, in Itasca Park, and on the state and national 
forests in northeastern Minnesota, hundreds of acres of plantations were 
so nearly destroyed that only an occasional stub of a planted tree with 
its foliage partly or completely eaten off could be found (Fig. 9). Un- 
questionably, the natural reproduction of pine and spruce in these 
localities suffered as much. The damage to white spruce, white and 
Norway pine, black spruce, and balsam fir at Cloquet, Minnesota, has 
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Fig. 9.. White Pine Damaged by Snow-Shoe Rabbits 


been reported by Corson and Cheyney (1928). Their conclusions 
coincide with those from a more extensive study by the Lake States 
Forest Experiment Station, in which all the species, with the possible 
exception of balsam fir, which is distinctly less susceptible than the 
others, were found subject to serious damage by rabbits. The rabbit 
damage in Wisconsin and Michigan was less severe, altho it was noted 
in 20 out of 30 of the white pine plantations in the aspen type. Some- 
times 90 per cent of the trees were injured, altho more commonly less 
than half were damaged. Many of the damaged trees would, ap- 
parently, recover. 
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The rabbit damage was heavier near swamps and in brushy thickets 
where the rabbits, concealed from their enemies, abound. The 6- or 
7-year intervals between the years of abundance, when the rabbits do 
the greatest damage, unfortunately are not long enough for the conifers 
under the aspen to grow above their reach. If these peaks in the 
rabbit population continue to occur at 7-year intervals, they offer a 
serious obstacle to the conversion of aspen to conifers. 


Effect of Fire in Preventing Establishment of Conifers 


Forest fires are chiefly responsible for the scarcity of conifers and 
for their absence over large areas of the aspen lands. One slash fire 
like those that covered the pine areas just after cutting destroyed most 
of the advance growth under the old forest. Repeated fires since have 
destroyed the few trees that escaped the first fires or that have subse- 
quently germinated. Fires have also destroyed the seed trees that were 
left, and it is only because of their thick, resistant bark that the larger 
white and Norway pine seed trees have survived. Howe (1912) gives 
striking examples of similar conditions in Nova Scotia, where fires de- 
stroyed the coniferous growth and prevented or retarded its re-establish- 
ment on burned areas occupied by aspen and paper birch. As repeated 
fires increase the density of the aspen cover by replacing the older stand 
with a denser young stand, they probably in this way still further 
hamper the introduction of conifers. Effective fire protection is a first 
essential for the conversion of the aspen type. 


The Aspen Forest Floor 


The accumulation of leaf litter and humus in aspen stands unques- 
tionably affects the establishn:ent of the conifers in several, and prob- 
ably conflicting, ways. The forest floor varies from a_ negligible 
thickness just after a fire when the new crop of aspen suckers starts, 
to 3 or 4 inches in dense stands of 50 years. It is usually about one 
inch thick. Several determinations on samples of one square foot from 
stands 20 to 55 years old have shown that the oven-dry weight of the 
forest floor amounts to from 4 to 30 tons to the acre. Obviously this 
layer of organic matter, which is highly absorptive of moisture and 
comparatively rich in plant nutrients, must have important influences 
directly and indirectly on the establishment of the conifers. 

One immediate effect of the forest floor is detrimental. The germi- 
nation percentage after the second season, in seed spots of white pine 
and white spruce, was increased by the removal of the forest floor in 
the following average percentages on 4 plots: (1) 2.5 to 5, (2) 8 to 22, 
(3) I to 9.5, and (4) 0 to 15. Seed sown in a potted soil sample of 
the forest floor from the same area gave only 3 per cent germination 
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of white pine and 10 per cent of Norway pine from seed that gave 
14 and 66 fer cent, respectively, in adjacent pots of soil from pine 
stands. Experimental plots in Ontario, where seed was sown on 
burned soil, on hacked soil, and on undisturbed soil, indicate rather con- 
clusively the advantage of hacking the soil. Poor results were obtained 
on the undisturbed forest floor and by complete destruction of the forest 
floor. Hacking was more favorable than burning. The unfavorable 
effect of the forest floor may be due to several causes, of which two 
well established ones may be mentioned: (1) The excessive drying of 
the forest floor during periods of drouth when its moisture content may 
readily be reduced to a point at which newly germinated seedlings whose 
roots have not penetrated the mineral soil would succumb. (2) Aspen 
leaves, after they fall and are compacted by the snow during the winter, 
form a mat that may easily smother small seedlings. 


Effect of Shading and Competition: with Other Vegetation 


Many coniferous seedlings under stands of aspen die, from the time 
of their establishment for several years. This may be due to several 
causes, which are not distinguishable but would certainly include shad- 
ing and root competition of the aspen and other tree species and of the 
shrubs and herbaceous vegetation. Fungi and micro-organisms take 
their toll. Excessively high temperatures in open stands and periods 
of extreme drouth also cause losses. The combined effect of these 
causes often results in the death of more than half the coniferous seed- 
lings that germinate in any year. Definite evidence on this point is 
available from the three annual counts of reproduction quadrats in the 
40-year aspen stand with white pine seed trees on the Chippewa Na- 
tional Forest. Many new seedlings were found and marked in 1925. 
One year later the losses had been 27 per cent in the plot with one third 
of the overhead cover removed, 66 per cent in the plot with one half 
the cover removed, 38 per cent in the uncut plot, and 17 per cent in 
the clean cut plot. The percentages dying of the total number of seed- 
lings established from 1918 to 1924 on the corresponding plots amounted 
to 17, 26, 25, and 25, respectively. These heavy losses are not more 
than balanced ly new germination after good seed years. 

If the records of the 40 white pine underplantings from 5 to 15 
years old in aspen stands are classified according to the amount of tree 
cover, the average losses were 50 per cent in stands with 5 to 24 per 
cent cover, 37 per cent in those with 25 to 60 per cent cover, and 54 
per cent in those with 65 to 80 per cent cover. These figures sug- 
gest (1) that the lack of shade in the open stands of aspen results in 
losses from heat or frost; and (2) that too dense cover causes equally 
heavy losses, owing either to lack of light or to root competition of 
the overhead stand for moisture. 
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The possible damage to pine seedlings by excessive heat at the sur- 
face of the soil in the open has been demonstrated. The experiments 
of Toumey and Neethling (1924) showed-that surface soil tempera- 
tures of 122 degrees to 139 degrees F. or more were often fatal to 
young seedlings of white and Norway pine. They obtained many read- 
ings above 122 degrees and a maximum of 152 degrees in southern New 
Hampshire. Gleason (1917) recorded the following temperatures in 
an aspen area in Cheboygan County, Michigan, during the hot weather 
in July, 1917, when the air temperature went above 100 dezrees F. 


Location of thermometer In open, In aspen thicket, 
degrees F. degrees F. 
Bare csupraces Soilty a aes erae te ae eee 140 
Ground: debrise sesc.c see act racine 125 107 
Shade of brake fern and herbs........ II2 109 
MWOMnChES in the Soul arch ents neces oe IOI 85 
oursteet hich  shadediacss atenie eke re ie 106% 
Roursteet Ivet it Site sreraseelare nea ae 108 


Evidently the heat at the surface of the soil in openings in the 
aspen forest may injure or kill small pine seedlings when the maximum 
air temperatures in the shade exceed go° F. Conversely, some aspen 
cover favors the pines by preventing such losses. 

Further evidence of the effect of aspen cover is found in the aspen 
stands with a natural understory of conifers. All the aspen stands that 
had more than 209 conifers to the acre of any species were under- 
stocked on the average from 30 to 40 per cent by basal area. The 
detrimental effect of aspen-birch cover on the establishment of conifers 
is noted by Howe (1912) in Nova Scotia. On an area run over by a 
ground fire after being cut 10 years previously, where 2 white pine, 6 
red spruce, and 2 balsam fir seed trees remained to the acre, a square 
rod yielded 27 fir seedlings, 19 white pine, and 5 red spruce. Adjacent 
birch-poplar (aspen) thickets averaged only 2 white pine seedlings to 
the square rod. On the other hand, in comparison with other types of 
cover, the Michigan Land Economic Survey, in Ogemaw County, con- 
cluded that aspen favors pine reproduction. They report, “Almost all 
of the white and Norway pine seedlings found in the county were under 
stands of poplar” (aspen). 

Experiments by the Dominion Forest Service in Ontario with nat- 
ural seeding of white pine in stands of birch and aspen have led to 
the preliminary conclusion that there is no difficulty in obtaining re- 
production but that seedlings do not survive more than one or two years. 
Experimental cuttings have shown that open stands after cutting have 
better coniferous reproduction than those left uncut. Direct seeding 
also gave best results under the more open stands. In those having 
30 to 40 square feet basal area reserved, only 9 to 15 per cent of the 
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seedlings died; in those with 50 to 60 square feet basal area, 19 to 26 
per cent died. 

The relation of the amount of coniferous reproduction to the density 
of the brush is not well defined, altho the tendency is for the number 
of seedlings to decrease as the brush density increases. Most of the 
areas with an appreciable number of small conifers had brush densities 
of not more than 0.3. This general statement applies to white pine, 
Norway pine, balsam fir, white spruce, and black spruce. The notable 
exception was one plot having 1,350 white pines to the acre with a 
brush density of 0.6. The smaller number of conifers in brushy areas 
may be due, not directly to the brush but to the greater damage by 
rabbits, which abound in such areas. On the other hand, the root sys- 
tems of hazel and large-leafed aster in Itasca Park occupy almost com- 
pletely the upper 6 inches of soil, from which Lee (1924) concludes 
“that the failure of reproduction of the pines is largely due to the pres- 
ence of this thicket undergrowth. This fact is well indicated by the 
presence of many one year old pine seedlings and the entire absence of 
seedlings of any greater age. During the spring, which is usually 
rather dry, the soil moisture in the surface layer would easily be ex- 
hausted by this heavy-foilaged undergrowth. Then the dense shade, 
combined with a critical desiccation would be sufficient to kill the feeble 
pine seedlings.” 

The general conclusion may be drawn that except for the first few 
years after fire or cutting, the conifers do not increase in number as the 
aspen stands grow older. The number may, however, remain nearly 
constant or fluctuate from year to year as the older seedlings that die 
are replaced by new ones. 


Growth of Conifers in Aspen Stands 


The characteristic feature of pine, spruce, and other conifers asso- 
ciated with aspen is their small size in comparison with the aspen. All 
the conifers grow more slowly in height, diameter, and volume, at least 
during the first 20 years, than does aspen. This is true even when 
the conifers are growing in the open and are not suppressed by a larger 
stand of aspen. Jack pine is the one exception. It grows nearly as 
rapidly as aspen from the beginning and unless it keeps pace with the 
aspen in height growth it soon succumbs. Consequently, where jack 
pine is found in mixture with aspen it is usually in group-wise mixtures 
in which the jack pine is as large as the aspen. This mixture occurs 
commonly only in northeastern Minnesota and will not be considered 
further because jack pine is not likely to be useful in the conversion 
of aspen to conifers. 

The other conifers—white and Norway pine, white and black spruce, 
balsam fir, and northern white cedar—are sufficiently important to re- 
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quire detailed consideration of their growth in height, diameter, and 
volume in comparison with that of aspen. 


Height Growth 


The heights attained by the different conifers at successive ages are 
shown in Table VIII for the two classes of trees that, for lack of 
specific terms, have been called “crowded” and “not crowded.” The 
“crowded” trees include those that grew in comparatively dense stands 
or in groups of larger aspen and consequently were retarded in growth 
by shade and by root competition. The “not crowded” trees are those 
that grew in understocked aspen stands or in small openings of denser 
stands. They had some light from above and suffered less from root 
competition. The first significant point indicated by the figures is that 
all conifers grow slowly in height during the first 20 years. This is 
partly an inherent characteristic, particularly in balsam fir and the 
spruces, and partly the result of suppression by the aspen, which over- 
tops them. As a result, at 15 years of age, when the aspen averages 
22 feet high, the white and Norway pines are only from 3 to 10 feet 
high, the spruces and balsam fir from 2 to 6 feet, and northern white 
cedar one foot. 


TABLE VIII 
Heicut GrowTH or ASPEN AND ASSOCIATED CONIFERS 
Aspen White pine White spruce Norway pine Balsam fir 
Age Site index Not Not Not Not 
crowd- Crowd- crowd- Crowd- crowd- Crowd- crowd- Crowd- 
50 60 ed ed ed e ed ed ed ed 
years Average total height, feet 
10 14 15 4 2 3 2 5 3 4 I 
20 26 29 13 6 I 5 17 9 11 4 
30 36 40 28 15 25 12 31 20 25 10 
40 44 49 39 25 37 22 41 28 43 22 
0 52 58 46 32 6 30 49 34 54 33 
60 58 65 51 36 52 35 54 38 60 42 
Basis, 
number 
of trees .. a5 103 33 37 158 


The average number of years required for the four principal conifers 
to attain a height of 414 feet in “crowded” and “not crowded” condi- 
tions was as follows: 


Not crowded, Crowded, 
Species years years 
Wihite tpinespyee <ercunint con soiree 10 18 
INGrways DINE erie ee orien II 15 
Balsam fir ak aaceiecr nae 16 24 
Whites pr licemnrwce neces 16 22 


This information is often useful in connection with determinations 
of total age of larger trees. The appropriate figure from the table is 
added to the number of rings at breast height to obtain the total age. 
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From 20 years of age to 50 or 60 years, the pines, white spruce, 
and especially balsam fir increase more rapidly in height but, owing to 
their slow start, the two most desirable species, white pine and white 
spruce, remain 15 to 25 feet shorter than the aspen up to 50 or 60 
years. Only an occasional pine or spruce is as tall as the aspen at these 
ages, usually because they had passed their early period of slow growth 
in the original stand before the aspen started. 

These comparisons apply to white pine, white spruce, and balsam 
fir, which occupy approximately the same average site as aspen. Nor- 
way pine, however, attains the heights shown in Table VIII on poorer 
sites represented by site index 55 for aspen. Norway pines that are 
not crowded, therefore, may be expected more nearly to overtake the 
aspen on these sites at 50 years. The other conifers may also maintain 
their growth as the growth of the aspen declines on the poorer sites, 
altho available data do not afford proof of the possibility. The sugges- 
tion is probably justified, however, that conversion of aspen to conifers 
is more likely to have a successful outcome on the poorer sites for aspen. 

After the aspens are 60 or 70 years old they begin to die out, open- 
ings in the stand are formed, and the conifers take advantage of the 
increased space and continue their height growth until they are more 
than 100 years old. 

The height growth of the crowded conifers is strongly influenced by 
the amount of space they have. At 60 years they average about 17 feet 
shorter than trees that have not been crowded. Badly suppressed trees 
may be considerably shorter at the same ages than are the average 
“crowded” trees. In extreme cases, white pine or white spruce trees 
were only 10 to 12 feet high at 4o years. The crowded trees, in general, 
can not be expected to overtake the aspen. 

At early ages the pines are taller than spruce or balsam fir, which 
are noted for their slow growth in height at the beginning. Later, white 
spruce and especially balsam fir rapidly improve their original stunted 
height growth to such an extent that the fir is the tallest of the 4 
species from 40 or 50 to 60 years. 

The growth in height of white pine, measured on 27 plantations 5 
to 15 years old, may illustrate the effect of the density of the aspen 
cover on the height growth of that species. Where the aspen-birch cover 
occupied less than 40 per cent of the area, the average annual height 
growth was 0.34 foot; under 60 to 80 per cent cover it was 0.21 foot. 
The average annual height growth of planted white pines under or 
close to the crowns of larger aspens or birches was 0.28 foot, as com- 
pared with 0.36 foot for those not directly suppressed. 

The most significant fact in the comparative height growth of coni- 
fers and aspen is that the conifers, with the exception of the “not 
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crowded” trees on the poorer sites, remain below the aspen and do 
not overtake it until the aspen stand begins to deteriorate. 


Diameter Growth 


The growth of conifers is more variable in diameter than in height 
because it is more affected by the density of the stand and the degree 
of suppression. Table IX gives the average diameters of the four 
important kinds of conifers at different ages for “crowded” and for 
“not crowded” trees. Northern white cedar grows more slowly than 
these four. Up to 30 years, Norway pine shows the most rapid diameter 
growth because it is found in aspen stands only where it has had an 
opportunity to grow in openings. From 40 to 50 years, as the openings 
close and the competition between the larger trees becomes more in- 
tense, its rate of growth becomes less than that of the other conifers, 
showing its greater susceptibility to crowding. White pine and white 
spruce increase in diameter for the first 4o years at about the same 
rate. Thereafter the white pines average larger, probably because only 
those survive that have relatively ample growing space, wnile more of 
the spruces live and grow slowly as suppressed trees. Both species have 
an average diameter of 6 or 7 inches in 60 years—-some trees II or 12 
inches. An average diameter of 7 inches in a stand of pine or spruce 
represents a merchantable stand wherever there are enough trees to 
the acre to provide a merchantable volume for cutting. The diameter 
growth, therefore, indicates that a merchantable understory of white 
pine or white spruce may be produced in aspen stands that are not too 
dense in 60 or 70 years. As the aspen bezins to die at 70 or 80 years, 
giving the conifers more space and light, there is good reason to believe 
that the pine and spruce would maintain and possibly increase their 
diameter growth for another 20 or 30 years. 


TABLE IX 
DIAMETER GROWTH OF CONIFERS ASSOCIATED WITH ASPEN 
White pine White spruce Ba'sam fir Norway pine 
Age Not Not Not Not 
crowded Crowded crowded Crowded crowded Crowded crowded Crowded 

years Average diameter breast high, inches 

20 I as ae ue I 2 z 

30 4 2 4 2 3 z 5 3 

40 7 4 7 3 6 3 7 5 

50 9 5 8 4 8 4 9 6 

60 II 6 10 5 10 6 

Basis, 
number 
of trees 124 40 158 40 


Volume Growth 


The growth in volume of trees, as a composite of growth in height, ° 
diameter, and form, is for that reason more variable than the growth 
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in either height or diameter and consequently average figures are less 
satisfactory. They have little significance except in connection with 
the number of trees per acre, which is also extremely variable. The 
volume, or yield per acre, which is the product of these two variables, 
gives the most useful practical information. The average volume per 
acre of conifers of all species increased with age from 230 cubic feet, 
or about 3 cords to the acre, at 30 years to 420 cubic feet, or 5 cords, 
at 50 years and 550 cubic feet, or 6 cords, at 60 years. Individual areas 
showed wide variations due to causes such as the origin and fire history 
of the stands, which had affected the number of trees to the acre. 

Volume production is not determined primarily by the density of 
the aspen, except that the volume of the conifers is uniformly low in 
stands of aspen that are denser than the average for well stocked stands. 
No essential difference is found, however, between the stands from 
oO to 30 per cent understocked and those that are more than 30 per 
cent understocked. Several stands that were from 0 to 30 per cent 
understocked had comparatively large volumes of conifers. For ex- 
ample, in one 60-year stand of aspen there were 1,100 cubic feet, or 
about 12 cords, of conifers to the acre, and in two 75-year stands there 
were, respectively, 1,220 cubic feet, or 14 cords, and 1,817 cubic feet, 
or 20 cords. The largest volume of balsam fir recorded on any one 
area was 18 cords in a 65-year old stand of aspen that was 33 per cent 
understocked. The best white spruce volume was 11 cords to the acre 
in a 60-year stand of well stocked aspen. Of white pine, 2,500 board 
feet to the acre was found in a 47-year stand of aspen 45 per cent 
understocked; and of Norway pine, 980 board feet in a 41-year stand 
of aspen 9 per cent understocked. 

The figures for volume per acre, like those for diameter, indicate 
that it is possible to produce merchantable stands of spruce and pine in 
60 to 75 years if they are started and grown under a cover of aspen, 
in addition to the yield of aspen from the same area. 

As the stands grow older the aspen gradually disappears, and after 
70 years its place is taken by the conifers. Thus the stands change in 
character, cease to be recognizable as aspen, and would be classified as 
pine or spruce. In this period the conifers increase rapidly in volume, 
particularly in merchantable board-foot volume. 

The transition from aspen to white spruce is illustrated in Table X 
from data by Kenety (1917), who considered that the plots represent 
the white spruce type. 

The rate of growth in diameter of white spruce in aspen stands 
(Table IX) indicates that at least the “not crowded” trees would attain 
diameters of 11 or 12 inches in 100 years. Kenety’s data show that only 
38 trees to the acre of this average size yielded 12 cords, with 13 cords 
additional of aspen that was still living. 
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TABLE X 


Acre Piots of AspEN-WHITE SPRUCE* 


Trees White spruce Balsam fir Aspen Total 
per acre —--- - ; 

more Av. Yield Yield Yield Yield 
Age, thangin. diam. Av. ——-——, —-—— -—-- -- 
yrs. indiam. breast height, 1,000 1,000 : 1,000 1,000 

breast high ££: Cords board Cords board Cords board Cords board 

high in. feet feet feet feet 
100 38 sy 80 12 6 1 vs 13 4 26 10 
100 8 12.4 75 2y ¢; 12 I 13 4 27% 5 
103 7 11.0 70 I I Ke ae 10 4 II 5 
106 287 15.7 87 15 7 14 ae 8 4 37 iI 


* Data from Kenety, 1917. 
+ More than 9 inches. 


Five cords to the acre in places where the timber is reasonably ac- 
cessible is usually considered a merchantable stand of spruce. If this 
figure is assumed as the criterion of a merchantable stand, it is possible 
by the use of volume tables (Cloquet, 1926) to indicate roughly how 
many trees of different average diameter to the acre would be required 
to yield 5 cords. The figures are given below in tabular form. 


White Spruce 


Av. diameter Volume Trees per 
breast per acre to 
high, tree, make 5 

in. cords cords 
6 0.04 125 
F 0.05 83 
8 0.08 63 
9 0.11 45 
10 0.15 33 
II 0.20 25 
12 0.24 21 


These numbers, ranging from 125 trees 6 inches in diameter to 21 
trees 12 inches in diameter to the acre and sometimes more, are found 
on small areas in natural stands. 

With white pine it may be assumed that 5,000 board feet, mill tally, 
to the acre represents a merchantable stand. The number of trees of 
different average diameters required to yield 5,000 board feet to the 
acre is shown in the following tabulation. 

The number of trees in this case, from 312 to 58, is larger than for 
white spruce but still well within those sometimes found in natural 
stands of aspen. An understory of numerous spruce or pine seedlings 
may easily pass unnoticed in a stand of aspen, whereas, by the time the 
conifers reach 50 years, the same number of trees would evidently 
form a good stand. In this way the future value of what appears to 
be a sparse reproduction of small conifers is often underestimated or 
entirely disregarded. 
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White Pine 
Diameter Volume No. of trees 
breast Height per tree to make 5,000 

high (mill tally) bd. ft. per acre 
in. ft. bd. ft. 

6 34 16 312 

7 37 25 200 

8 39 35 143 

9 41 45 III 
10 43 58 86 
U1 44 71 70 
12 45 86 58 


On the basis of diameter growth, number of trees, and volume per 
acre, it appears possible to grow a merchantable crop of white pine or 
white spruce in the aspen type, in from 60 to 100 years, either from 
natural reproduction or by planting a moderate number of trees to 
the acre. 


Relation of Growth of Conifers to That of Aspen 


The conifers under aspen are usually crowded. Their slow growth 
during the first 20 years, while the aspen is shooting up rapidly, is evi- 
dent from a comparison of the figures given for the growth in height 
of conifers and of aspen. Altho conifers that are not too much crowded 
grow comparatively well even under the aspen cover, they continue to 
lag behind the aspen not only in height but also in diameter and hence 
in volume for the 50 to 70 years while the aspen is growing vigorously. 
Comparing them at 50 years on an average site, the aspen reached 58 
feet in height while the white pine and white spruce reached an average 
of 40 feet. The difference in diameter and volume per tree is less 
marked. In volume per acre, however, owing to the smaller number 
of pine and spruce and to their small dimensions, the aspen had 3,220 
cubic feet at 50 years, while white pine averaged only 310 and the other 
conifers only 420 cubic feet. Only after the aspen deteriorates from 
decay and old age, usually after 70 years, do the conifers overtake the 
aspen in dimensions and volume per acre. ‘The figures in Table X 
for white spruce stands 100 years old are examples of the stage in the 
natural conversion of the aspen to white spruce at which the aspen has 
partly died out and the white spruce has just become the dominant tree. 

The process of natural conversion is complicated by the different 
densities of aspen and by the several species and sites, all of which have 
their influence. As a result there is wide variation in the development 
of individual trees of pine, spruce, and balsam fir in the different areas 
studied and there is an even wider variation between the averages of 
the plots. These variations render generalizations unsatisfactory and 
unreliable. The one thing that stands out plainly is the slow growth 
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of the conifers as compared with that of the aspen. Next is an evident 
tendency for conifers that grow in openings to develop more rapidly 
than those close to or under larger aspens. This is the reason that 
figures on growth of conifers were presented under two broad head- 
ings—‘‘crowded” and ‘not crowded” trees. The same tendency was 
also indicated by the data from planted white pines discussed under 
“Height growth.” From this evidence, the conclusion follows logically 
that the less dense, understocked aspen stands with openings between 
the trees are favorable for the growth of conifers. Furthermore, the 
conifers on sites poor for aspen are in a better position to maintain 
themselves and take the lead at an earlier age. 


Development of Conifers and Final Outcome 


If growth of the conifers started before that of the aspen, or if a 
supply of coniferous seed from adjacent stands or from seed trees 
was available, the conifers developed in sufficient numbers to form a 
merchantable stand in addition to the aspen in 60 or 70 years. The 
early stages in the process of seeding of white pine are illustrated by 
the figures from a permanent sample plot in a 40-year well stocked 
stand of aspen on the Chippewa National Forest, where there were 7 
good white pine seed trees within 2co feet of the plot. All the white 
pine reproduction started after a light ground fire in 1918. Up to and 
including 1924, more than 80 white pine seedlings to the acre had be- 
come established. In 1925, 20 of these died and 160 new seedlings 
started, making 220 to the acre; in 1926, 80 died and 60 new ones 
started, making 200 to the acre; and in 1927, 20 died and no new seed- 
lings were found, making 180 to the acre. Thus the balance fluctuates 
from year to year, with a gradual increase in the number of seedlings 
over several years. Fewer of the seedlings die as they grow older, so 
gradually the larger, more vigorous seedlings form an understory. 

When the pine or spruce starts at the same time, the aspen takes 
the lead and forms an overwood for 60 to 80 years—sometimes longer 
if it is left uncut. On the poorer sites, where Norway pine and black 
spruce are more often associated with the aspen, it rarely maintains 
its lead for more than 50 or 60 years. On the better sites, where white 
pine and white spruce are the usual associates, the aspen may live and 
retain its lead for 75 to go years. The conifers, however, are all com- 
paratively long-lived. Balsam fir regularly lives to 100 or 120 years, 
the spruces to 150, Norway pine to 200, and white pine to 250. They 
increase in diameter and volume up to 120 or 150 years. This ability 
of the conifers to outlive the aspens, together with their capacity to 
seed and grow under the aspen are the two characteristics that enable 
the conifers to start and grow, at first inconspicuously, and then grad- 
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ually to occupy the space left as the aspens die and finally to replace 
the aspen so that the stand ceases to retain its character as aspen type 
and becomes predominantly pine or spruce and balsam. 

The process of natural conversion of aspen to conifers, however 
slow, is nevertheless effective and will come to fruition without human 
intervention. Unfortunately, however, natural conversion is taking 
place in only Io to 20 per cent of the area of aspen lands. Cutting 
and fires have done their work too well by destroying coniferous re- 
production and seed trees on the other 80 to go per cent of the area. 
In most parts of the region there is not likely to be much increase in 
the area that will be converted naturally within any reasonable time. 
In what other ways may the process be extended and accelerated ? 


MAN’S ASSISTANCE IN THE CONVERSION PROCESS 


The conversion of the aspen type requires human assistance to be 
promptly and widely effective (Fig. 10). There are several ways in 
which it may be applied—protection from fire, cuttings of various kinds, 
preparation of the ground for natural or artificial seeding, and planting. 


Fire Protection 


Protection from fire is a first essential for conversion. If the coni- 
fers are already established, a fire through the area will kill most or 
all of them and postpone the conversion for many years, until a new 
crop can start. Protection from fire, by preventing the destruction 
of the conifers and thus allowing them to mature, replace the aspen, 
and seed in additional areas, promotes the conversion process. If fires 
had been prevented in the past, there would be only a fraction of the 
present area of aspen, and that fraction would have a good representa- 
tion of conifers in mixture. Effective fire protection in the future is 
essential for the natural or artificial extension of the conversion process. 


Cuttings in Mature Aspen 


Any cutting has several immediate effects in the aspen forest that 
directly or indirectly influence the conversion process. Cutting a part 
or all of the aspen creates openings in the canopy and allows more 
light to reach the smaller conifers and the ground beneath. The sun’s 
heat causes higher temperatures at the surface and below the surface 
of the soil. As a result there is a more rapid decomposition of the 
forest floor. At the same time, the increased heat and easier circula- 
tion of air cause a higher rate of evaporation and drying out of the 
forest floor in periods of drouth. These results of cutting are not 
clearly distinguishable one from another, either directly or in their 
effect on the conifers. The intensity of the changes, however, depends 
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on the degree of cutting, so they are greatest in clear cuttings and 
progressively less with lighter partial cuttings. Cutting of the aspen 
results within the next year in a regeneration of aspen suckers which, 
as has been shown, are extremely dense after a clear cutting and pro- 
gressively less dense after partial cuttings until they are unimportant 
if less than a third of the aspen is removed. The change from the 
mature stand to the young growth of suckers mixed with brush and 
luxuriant herbaceous vegetation apparently results in less serious com- 
petition for the conifers, at least for a few years after the cutting. 


Effect on Associated Conifers 


The combined net effect of the changes brought about by cutting 
the aspen is favorable to the development of both seedlings 2nd large 
trees of white pine, white spruce, and other conifers. Evidence in sup- 
port of this statement is available from permanent sample plot records 
both on the Chippewa National Forest and at the Petawawa Forest 
Experiment Station, in Ontario. In Minnesota the 40-year well stocked 
aspen plots were cut over in May, 1926, with the results on the natural 
white pine reproduction indicated in Table XI. 


TABLE XI 
Mortarity oF Wuite PINE SEEDLINGS 


Deg-ee 1926* 1918-26* 1918 26* 
of seedlings seedlings seedlings in 
cutting in 1927T in 19277 19267 and 19277 

per cent per cent per cent 
CleansGut Ss wane ch ees seals fo) 5 5 
5 Oo DET wc Cent OPP. testaeyaee wood II 5 42 
BO Epety (Centmicutiin cn cis othe ee 29 9 24 
Unmet) ifs aes. Grker teks ae ae 33 10 36 


* Years of origin. 
7 Years of death. 
£ Percentages based on crown cover. 


The Canadian experiments indicate conclusively that cutting favors 
coniferous reproduction. In one series, in which 50 to 60 square feet 
of basal area of aspen and birch were left, between 19 and 26 per cent 
died. On plots having 30 to 40 square feet of basal area reserved 
only 9 to 15 per cent died. Plots in another series (Veness, 1923) in 
40-year aspen-birch type, cut in 1920 to leave 1,715, 1,278, and 600 trees 
to the acre, were undersown with white pine and white spruce and the 
1925 counts showed that 68, 95, and 38 per cent of the seedlings, re- 
spectively, had died. The growth of the conifers under the reserved 
stands was notably slow.° 

5 This information and that cited elsewhere from Canadian experiments without specific 


reference was furnished by letter through the courtesy of the Forest Service, Department of 
the Interior, Canada. 
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Pig. to. Natural Conversion of Birch to Spruce Under Forest Management in Finland 
(Photo by courtesy of A. K. Caiander.) 


In general, the heavier the cutting in the aspen the greater is the 
benefit in the survival and growth of white pine and other conifers. 
Clear cutting might on some areas and in some years result in damage 
to small seedlings by excessive heating of the surface soil or by sun- 
scald. This statement is not substantiated by specific evidence, however, 
and such damage is probably prevented by the immediate regrowth of 
aspen suckers and other vegetation, which provide shade for the small 
seedlings. The larger conifers are least likely to be seriously damaged 
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by the exposure. Ample evidence of the response of advance growth 
and larger conifers to release by the cutting of aspen and birch is 
available for white pine and spruce under somewhat similar conditions 
in the northeast, but not for the Lake States. It is reasonable to ex- 
pect, however, that cutting of aspen in the Lake States would result 
similarly in stimulated growth of the conifers that had been suppressed 

Losses resulting from logging aspen.—The conifers below mer- 
chantable size will almost inevitably suffer losses and damage when the 
larger aspens are cut. Swamping and skidding are likely to cover 10 
to 25 per cent of the area and additional losses occur in connection with 
the felling. The heavier the cutting, the greater is the loss and damage. 
Clean cutting of a dense 4o-year aspen stand in May resulted in the 
loss of 52 per cent of the white pine seedlings less than one foot high. 
Cuttings of 50 per cent or less in the same stand caused losses of less 
than 25 per cent of the white pine seedlings. On the whole, from 10 
to 50 per cent of the conifers may be destroyed in logging. The dam- 
age and loss of the larger conifers that can easily be seen could be 
reduced, probably to less than 15 per cent, by care in felling and swamp- 
ing, and in locating skidding trails. 

The season in which the logging is done affects the conversion in 
two ways: (1) Winter logging on the snow eliminates most of the dam- 
age to and loss of seedlings less than one foot high that are covered by 
the snow. It may also increase the damage to small growth that projects 
above the snow and is easily broken in cold weather. (2) The season 
of logging affects the conifers indirectly by its influence on the number 
of aspen suckers that come up after cutting and compete with the 
conifers. Spring cutting produces the most suckers, summer cutting 
fewer, and fall cutting the fewest, according to Baker (1923). This 
effect of season soon disappears, however, because the number of suckers 
and their competition become equalized within Io years after the cutting. 


Release Cuttings 


Any cutting made in the aspen before it is mature to release the 
smaller conifers in the understory from suppression by the aspen are 
included under this heading. Release cuttings presumably will increase 
both the survival and the growth of the conifers and thus enable them 
to reach merchantable size in a shorter time. As experience in the Lake 
States is again lacking, it is necessary to turn to the suggestive experi- 
ence in the northeast, where white pine has been released from the 
competition of gray birch and red maple. Release cuttings may be 
carried out in several ways. One is to cut the aspens while they are 
still small and ‘repeat the operation as often as may be necessary to 
save the pines and maintain their growth. By this method, the first 
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release would be made when the aspen is only 3 or 4 years old. The 
cutting can be done cheaply with a machete, with which the stems are 
not completely severed. They are then bent over so that the roots are 
less likely to send up new sprouts. This operation should be carried 
out, preferably, in a season when the leaves are off, so that the smaller 
conifers may not be overlooked. The aspens should be cut that are 
close to the conifers and are already crowding or are likely soon to 
suppress them. Frequently the conifers occur in groups, and the re- 
lease of a group as a unit is desirable. Altho no immediate return is 
obtained from such cuttings, they can be made more cheaply while the 
aspens are small than at a later time. On the other hand, a second 
release cutting may often be necessary within Io or 15 years after the 
first (Cline and Lockard, 1925). 

The second possibility is to postpone the release cutting to the latest 
time when a sufficient proportion of the white pine or other conifers 
may be expected to recover and benefit from the release—in New Eng- 
land, when white pine is 12 to 15 feet high and 10 to 25 years old, 
according to Spaeth (1922). It might sometimes be possible to obtain 
a money return from the small cordwood produced in the cutting, but 
this-is unlikely at the present time in the Lake States. The chief ad- 
vantage consists in avoiding a second release cutting after some years, 
which becomes unnecessary because the conifers are sufficiently tall that 
they will not be overtaken by the new crop of aspen suckers. Judging 
from the comparative height growth of aspen and the different species 
of conifers in the Lake States, the age at which to cut the aspen to 
accomplish this object would be between 15 and 25 years, or when the 
conifers are from 3 to 15 feet high. 

Release cuttings may require from 1 hour to 2 days time for a man 
to the acre, depending on the number and size of the trees to be cut. 
The costs are ordinarily from $2.00 to $5.00 an acre (Fisher, 1918). 
Weeding of inferior hardwood for the benefit of pine gives the most 
productive results for the money expended of any intensive forestry 
work that may be carried on in New England, according to Hawkins 
(1924). He says that $2.00 to $7.00 an acre has been invested over 
large areas by a box company; in special cases $15 an acre has been 
spent to good advantage. Where conifers are established or planted, 
release cuttings must be considered as an aid or sometimes even a 
necessity in converting an aspen stand to conifers. 


Disturbing the Forest Floor 


That the aspen forest floor reduces the amount of germination of 
white pine, white spruce, and probably also of other conifers, whether 
naturally or artificially sown, has been indicated. Conversely, the re- 
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moval of the floor in seed spots and the hacking or stirring up of the 
leaf litter by dragging brush increase the amount of germination. Hack- 
ing the forest floor gave higher germination than burning, in experi- 
ments by the Canadian Forest Service. Ordinarily, even if burning 
were effective in increasing germination, it would be inadvisable for 
several reasons. 

The actual removal of the forest floor over considerable areas is not 
necessary and is undesirable because it would be costly and would de- 
prive the soil of a valuable moisture regulator and fertilizer. The 
object is rather to stir up the forest floor in enough places that sufficient 
seeds to form a stand may find favorable germinating beds. Logging 
accomplishes this on a certain proportion of any area logged. In aspen 
stands that were to be sown before logging, dragging the tops of trees 
back and forth across an area, either as they were felled or with the 
smaller twigs trimmed off, would probably promote germination. Sim- 
ilar treatment in the autumn of a seed year should favor the natural 
reproduction of conifers. The benefit of such measures in relation to 
their cost has not been determined. Their possible value should, how- 
ever, be considered in connection with any plan for conversion by 
natural seeding or broadcast sowing. 


Sowing Seed 


Direct sowing of the seed of conifers on the planting site has 
usually failed in the aspen type as elsewhere in the Lake States. Broad- 
cast sowing has hardly a record of success, altho the preparation of the 
ground by hacking or dragging brush might be an aid in occasional 
favorable years. 

Seed spot sowing has in some instances given satisfactory results. 
In an analysis of direct seeding methods for converting aspen and paper 
birch land to spruce and pine, Robertson (1926) gives averages for 17 
experimental plots in Ontario. After 4 years, there were 340 seedlings 
per acre under dense shade, and 5,000 per acre under light shade. From 
intensive investigations in New Brunswick he concludes that the seed 
spot is the most economical and reliable of the direct seeding methods. 
It is not satisfactory, however, with white pine, because the compara- 
tively large seeds are usually eaten by rodents. White spruce, on the 
other hand, was successfully spotted on recent burns under moderate 
shade and on north slopes. The seed-spot method may be recommended 
for use in the aspen-birch type on rocky shallow-soiled areas where 
planting would be difficult and costly. The costs in Canadian seed-spot 
sowing have usually been between $4.00 and $5.00 an acre. A slight 
additional cost would be necessary to thin out spots that had more than 
one tree at the time of the first release cutting. Experimental sowings 
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of Norway and white pine in cleared spots one foot square, were not 
successful at Cloquet, Minnesota, on areas of young aspen mixed in 
the thick brush, where the hardwood leaves smothered the young seed- 
lings (Kenety, 1917). 

Seed-spot sowing of 10 seeds each of white pine and white spruce 
under 40-year aspen after different degrees of cutting on the Chippewa 
National Forest gave results in the second spring after the seed was 
sown as shown in Table XII. The experiment indicates that the re- 
moval or disturbance of the forest floor is essential for the germination 
of white spruce and only a little less necessary for white pine. Protec- 
tion from rodents increases the success with both species. Protection 
by screening is impractical in an extensive reforestation operation; but 
without protection, the results, irrespective of the degree of cutting, are 
too poor for the method to be recommended. 


TABLE XII 
PERCENTAGE OF SEED Spots WITH ONE oR More Livine SEEDLINGS 


Degree of cutting 


Kind of spot 30 percent 50 per cent Clean 
Uncut cut cut cut 
White Pine 
MMAR TORESE MOOT. x50 s)oleia'> perso elas oieele on oe 0 22 0 ta) 
Matural forest floor screened. .....6.0c0eeeens By; 42 62 to) 
OPES WHOCOLITEMOVE 0.2/0 calves se ercee se ae o 40 25 33 
Forest floor removed and screened............ a5 83 75 50 


Pipe! fOrest HOOT. 6 cee ek kee ele wees 
Macucal forest floor screened. .........0.0.000. 


° 
N 
iS) 
° 
fo} 


Co) Co) C) fo) 
REDE SEMTOOT) TEMOVEG 6 coh sciciec se cee cee eles () 37 25 17 
Forest floor removed and screened............ 25 100 100 50 


Summing up available evidence on direct seeding, the method may 
have a use on rocky sites where planting is difficult and expensive. On 
such sites, seed-spot sowing of white spruce where there is a moderate 
amount of shade is suggested. Even under these circumstances the 
sowing should be on an experimental scale before a large operation is 
undertaken. at S 


Planting in the Aspen Type 


Some planting has been done under aspen in the Lake States. Rec- 
ords are available of 70 plantations from 5 to Io years old of which 
40 are white pine, 19 Norway pine, 6 Norway spruce, 3 jack pine, and 
2 Scotch pine. The examples of jack pine and Scotch pine are in- 
sufficient as a basis for conclusions and neither species is recommended 
for planting on aspen sites. Norway spruce is believed to be less well 
adapted for planting in the aspen type in the northern Lake States 
than the native white spruce. Unfortunately, experience with white 
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spruce plantings is limited; the older plantings were largely destroyed 
by rabbits in 1924 and 1925. Norway pine is not suited for under- 
planting and should be planted only on open or recently burned areas 
where the aspen is not too large and too dense. Its chief value is on 
the sandy, gravelly, dry sites where it grew originally and where the 
aspen stands are likely to be irregular and broken. The discussion of 
planting will be limited to white pine and white spruce, the two most 
suitable species for planting in the aspen type. 


Favorable and Unfavorable Conditions for Planting 


The shade of aspen and birch is favorable for white pine plantations 
when the density of the crown cover is between 0.3 and 0.7, and less 
favorable when it is below 0.3 or above 0.7. This applies to both 
survival and early height growth. The benefit of the moderate degree 
of cover in comparison with open sites is probably connected with the 
damage from excessive heat and frost that white pine seedlings suffer 
during the first year or two on exposed sites. The poorer results under 
aspen stands of more than 0.7 density are probably due to the competi- 
tion of the larger aspen for light or root development. Hansen (1927) 
notes that the surviving planted white pines on a site with small aspen 
and thick brush were all in the open places or, conversely, chiefly those 
in the thickets died. This is further indicated by a comparison with 
planted pines immediately under or close to larger aspens that grew, on 
the average, 0.28 foot in height annually, while those in the openings 
grew 0.36 foot annually. A specific comparison may be made of two 
white pine plantations on the Alpena State Forest, in Michigan, similar 
in all respects except that one was planted under a 30-year stand of 
aspen with a density of 0.8 and the other where the aspen was only 5 
to 10 feet high with a density of 0.5. In the first only 28 per cent sur- 
vived and the trees averaged 0.6 foot high 4 years after planting. In 
the other, 64 per cent survived and the trees averaged 1.1 feet high. 
For natural reproduction, the more open stands of aspen and the areas 
immediately after cutting or fire offer more favorable sites for planting 
than the older, denser stands of aspen. 

The slight effects of differences in soil on the survival of the planted 
pines are obscured by other factors. Growth tends to be less on the 
heavier loamy soils or on the low sandy soils near the water table, owing, 
probably, not so much to inherent qualities of the soil, as to the more 
serious damage by rabbits and the competition with other vegetation. 

Snow-shoe rabbits are particularly abundant in the areas of young 
aspen stands and every seventh year, when they are particularly plenti- 
ful, they may almost completely destroy forest plantations, as they did 
in Minnesota in 1924 and 1925. The damage is more severe near the 
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margins of swamps and less on dry sandy uplands (Corson and Chey- 
ney, 1928). Rabbits are worse where the brush is thick than where it 
has been suppressed by a dense forest cover. If snow-shoe rabbits con- 
tinue to be as abundant periodically as they have been in the past, control 
measures will be essential for the success of plantations in brushy areas 
in northern Minnesota and adjacent Wisconsin. The United States 
Biological Survey (Cox, 1911) suggested a method of poisoning to 
control the rabbits, but when the cost of control is added to the cost 
of planting and maintenance it may well be questioned whether planting 
is advisable on large areas of the aspen type. 

Poor planting stock and careless planting may be causes of loss in 
any planting operation. They are, however, avoidable. The planting 
stock obtainable from the state nurseries in Wisconsin and Michigan 
or from reputable dealers is usually received in good condition. If 
the roots are kept moist and the trees are planted promptly, there should 
be little loss from poor stock. Careless planting can be reduced to a 
minimum by competent supervision and instruction of a planting crew 
by a man experienced in forest planting. 


Planting Practice 


White pine and white spruce are recommended as most desirable for 
planting on aspen sites. They may be planted either in the spring from 
the time the frost is out of the ground until June 1, or in the fall from 
about September 15 to the end of October. There are examples of 
spring and fall planting in the region, both showing excellent results. 

Several classes of nursery stock of white pine, including 2-0, 3-0, 
4-0, I-2, 2-1, and 2-2,° have been tried. The 3-0, 1-2, and 2-1 may 
be recommended. The 3-0 stock is the least expensive of the classes that 
may be depended on to be satisfactory. In experiments at Cloquet, 
Minnesota (Hansen, 1927), 1-2 and 2-0 stock gave best results. In 
general, however, 2-0 stock must be of exceptionally high quality to give 
satisfactory results. : 

Transplant stock is generally considered essential with white spruce. 
White spruce planting on a large scale in Ontario, north of Sault 
Ste. Marie, on open sites cut over for pine and spruce 14 years before 
planting and badly burned since, has survived 83 to 85 per cent. The 
work was done by a private company, using 4-year-old transplant stock 
at a cost of about $12 per thousand trees planted.*’ This record is more 
favorable than is that of the earlier experience in Minnesota. Further 
experiments may demonstrate that 3-0 stock can be used. Lacking 
definite evidence, 2-1 or 2-2 stock of white spruce is recommended. 

8 The first figure represents the number of years in the seedbeds; the second, years in the 
transplant beds. Thus, 3-0 is 3-year seedling stock. 


7Information furnished through the courtesy of B. F. Avery, Forester of the Spanish 
River Pulp and Paper Mills. 
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Methods of planting.——Methods suitable for use in planting 
aspen lands may be grouped into two classes—slit and hole methods. 
In the hole method a hole large enough to hold the outspread roots of 
the tree is dug with a spade, mattock, or grub hoe, the tree is held in 
place, and the earth is filled in around the roots. Two men are ordi- 
narily required, one to dig the holes and the other to set the trees and 
fill in the earth about the roots. The method is satisfactory almost 
any place where planting can be done. Objections to it are that it is 
slow and expensive and the earth has a tendency to settle and form 
depressions around the seedlings. These depressions, in underplantings 
of aspen, collect the aspen leaves, which may bury the seedlings. 

‘The slit method consists in opening a slit with a spade or a special 
wedge-shaped planting iron with a handle. The roots of the tree are 
inserted in the slit and the opening about the roots is closed with an- 
other thrust of the blade. The man who makes the slit plants the tree. 
This method is rapid and inexpensive and has given satisfactory results. 
It is not adapted, however, to rocky or shallow soils. On these the 
hole method or direct seeding may have to be used. Detailed descrip- 
tions of the methods and tools, and directions for planting are given in 
several other publications (Cox, 1911, Hansen, 1927, Kittredge, 1928). 
Examp'es of highly successful plantations on aspen lands by both these 
methods or modifications of them in different parts of the Lake States 
testify to their usefulness. 

In order to assure a good yield from the planted conifers, 500 to 
800 trees to the acre, if possible, should be set out. This is less than is 
usually recommended for open sites, because in underplanting it is de- 
sirable to avoid placing the planted trees too close to large trees or 
clumps of brush already established. In dense stands of aspen, the 
number may have to be reduced to 300 or 400 to the acre. The planted 
trees should be spaced about 6 feet apart each way where brush and 
larger trees do not interfere. Obviously, in dense stands no uniform 
system of spacing can be followed. With 400 trees to the acre and 
allowing for a possible loss of 20 to 50 per cent during the early life 
of the plantation, more than 200 trees to the acre would be left. This 
should be sufficient to provide a good yield at maturity. 

There are large areas of comparatively inaccessible stands of aspen 
that it will rot be feasible to plant completely for many yers and that 
have not enough coniferous seed trees to promise effective natural con- 
version. These areas may be converted gradually and at less cost by 
partial planting in strips or groups. Under one system the trees are 
planted in strips of 5 to 20 rows and an area of equal or greater width 
is left unplanted. Another strip of 5 to 20 rows is planted on the far 
side of the unplanted strip. In this way the cost of planting for the 
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area as a whole may be reduced to half or less. These strips, in time, 
should form a stand of conifers sufficient to provide a merchantable 
crop. Before they are cut they may be expected to bear seed and re- 
produce naturally on the intervening unplanted strips. Incidentally, if 
the aspen is logged before the conifers are, the logging may be laid 
out so that most of the roads and skidding trails are in the unplanted 
strips, thus minimizing the damage to the conifers in the planted strips. 
The second system of partial planting may be called group planting. 
From 10 to 100 trees would be included in a group and the groups 
spaced 200 to 500 feet apart. The object and results of group planting 
would be similar to those for strip planting. If the groups were more 
widely spaced, the cost for the area could be reduced, with a corre- 
spondingly lower or longer deferred return from the planting. 


Results in Plantations.on Aspen Lands 


Good survival has been obtained in a large proportion of the white 
pine and Norway pine plantations on aspen lands in Michigan and Wis- 
consin. The figures for Minnesota plantations are not quite so favorable 
because damage by rabbits has been much more severe here. The 
results are shown below in tabular form. 


PERCENTAGE OF PLANTATIONS GROUPED ACCORDING TO SURVIVAL 


Survival Survival White Norway Norway 
group per cent pine pine spruce 
000) be. 2. ss €0 or more 47 16 33 
Medium ....... 30 to 60 47 16 33 
ii” Oe 30 or less 10 10 34 
Basis, number of plantations....... 40 19 6 


The only one of the 19 Norway pine plantations with more than 
0.45 crown density of aspen-birch had the lowest survival, 12 per cent. 
The three plantations of white spruce in Minnesota had 11, 24, and 32 
per cent survival, respectively, and correspondingly poor growth owing 
largely to damage by rabbits. They should not, therefore, be considered 
representative of the results that may be expected with white spruce 
where it has a fair chance. 

The average annual height growth in plantations 5 to 15 years old 
was 0.29 foot for white pine, 0.31 for Norway pine, and 0.28 for Norway 
spruce. The most rapid annual growth among the white pine planta- 
tions was 0.61 foot under 0.6 cover of aspen, and the best for Norway 
pine, 0.59 under 0.4 cover. 

The results in existing plantations are not discouraging except in 
the brushy rabbit-infested areas of northern Minnesota. 


Costs of Planting 
The rate of planting aspen areas with white pine or white spruce, as 


_ already described, should be between 300 and 1,000 trees per man per 
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day. Allowing $5.00 per 1,000 trees for the nursery stock and super- 
vision, the total cost of planting 700 trees to the acre would be between 
$6.50 and $10. Thick brush or rocky sites might easily raise the cost. 
to $15 or even $20 an acre. On the other hand, lower costs would be 
possible on sites easy to plant or if fewer trees to the acre were planted. 
It is estimated that a large proportion of the aspen lands could be planted 
for about $8.00 an acre. 


ADVANTAGES OF ASPEN AND CONIFEROUS STANDS 


Stands of aspen in the limited areas where it is marketable for $1.00 
a cord or more, yield from 10 to 20 cords to the acre in 40 or 50 years. 
It may be expected, therefore, to return from 3 to 4 per cent compound 
interest on the investment and carrying charges. In other words, even 
the aspen that is favorably located will pay only a low profit as a timber 
growing enterprise. Low yields have been intentionally assumed in the 
foregoing statement to allow for the considerable areas where aspen 
stands are sufficiently open for the development of either natural or 
planted pine and spruce. 

Pine and spruce under or mixed with the aspen will require from 
60 to 100 years to become merchantable. They will, therefore, grow 
for 20 to 50 years after the aspen is cut. If the yield of 12 cords to 
the acre of white spruce at 100 years, previously quoted from Kenety 
(1917), is taken as an example, a calculation may be made of the 
advantages of natural conversion. Assuming taxes at 10 cents an acre 
and protection at 3 cents an acre, for a 50-year period after the aspen 
is cut, the spruce with a stumpage value of $6.05 per cord would earn 
6 per cent on the investment, at $4.01 would earn 5 per cent, and at 
$2.67 would earn 4 per cent compound interest. The future values of 
spruce stumpage will almost certainly be as high as those indicated 
or higher, so the spruce resulting from the natural conversion of aspen 
will earn 5 or 6 per cent profit or more. 

Under similar circumstances, white pine yielding 5,000 board feet 
to the acre would have to have stumpage values of $14.53 to earn 6 
per cent, of $9.63 to earn 5 per cent, and of $6.42 to earn 4 per cent. 
Again, these values are hardly more than the present stumpage values 
of white pine in the region. There is, therefore, ample justification for 
fire protection and encouragement of timber growing on aspen areas 
with natural white spruce or white pine in the attractive returns to be 
anticipated from the spruce or pine even when they produce only con- 
servatively low yields to the acre. 

On the large areas where planting will be necessary, the prospect is 
less favorable. Planting may be expected to cost, on the average, $8.00 
an acre. Again assuming that the aspen will carry the annual expenses 
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for the first 40 or 50 years, there remain the charges for the 20 to 50 
years after the aspen is cut and before the pine and spruce are mer- 
chantable, plus the interest on the planting investment of $8.00 an 
acre over the 60- to 100-year rotation of the pine or spruce. Planted 
stands of white pine on aspen areas may reasonably be expected to yield 
10,000 board feet to the acre at 80 years, and 20,000 board feet at 
100 years. The corresponding yields for white spruce would be 20 
cords at 80 years and 35 cords at 100 years. The stumpage values that 
the pine or spruce would have to have under these conditions to earn 
different percentages on the costs and investment, are shown in the 
following table. 


White Pine White Spruce 
Interest, Yields . Yields 
per - ——-—- — 
cent 10,000 board 20,000 board 20 cords 35 cords 
feet in 80 feet in 100 in 8o in 100 
years years years years 


Future stumpage values 


6 SOU OO ge is sisiahs SABO een Ao ee ae 
5 48.46 $55.01 24.23 $31.43 
4 21.65 21.80 10.82 12.46 


The stumpage values are comparable with those in sales at the 
present time, only at 4 per cent interest. Greater returns are dependent 
on the possible speculative rises in stumpage values during the next 
40 or 50 years, which are not impossible or even unlikely in view of 
the decreasing supply of spruce and white pine. 


SUMMARY 


To sum up, aspen grows rapidly and produces large volumes of 
wood in 40 to 50 years. It will probably return 4 to 5 per cent interest 
on the investment, even at very moderate stumpage prices, and it is 
easily managed. The aspen is therefore an excellent timber crop for 
an industry that can use it to advantage or for any owner so located 
that he can sell it readily. Few owners of aspen land, however, are 
now so situated. 

The majority of owners, who can see no likelihood of using or selling 
their aspen and face the prospect that much of the oncoming crop will 
rot on their hands, should consider conversion to pine and spruce. The 
encouragement of natural conversion can almost always be justified on 
the ground of economic advantage and profit. Artificial conversion by 
planting, which involves an investment of $8.00 an acre, more or less, 
may return not more than 4 per cent on the investment. The planting 
is, therefore, advisable chiefly for public agencies and for private in- 
-dustries that need the pine or spruce and are willing to forego a high 
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rate of interest on the timber-growing part- of the business in order to 
maintain the manufacturing part and the higher profits derivable from it. 

From the viewpoint of public welfare, a future supply of conifers 
is more needed than a supply of aspen. Conversion of aspen to conifers 
should, therefore, be encouraged, both by assistance to private owners 
of aspen lands in the conversion of their lands to conifers and by the 
initiation by public agencies of measures to promote the conversion on 
publicly-owned lands. On lands already publicly-owned, public agencies 
can well afford to invest funds in long-term timber-growing enterprizes 
that will yield 4 per cent. States, counties, and the federal government 
may also acquire additional aspen lands that would not otherwise be 
converted, as a partial solution of the problem. 

What is the probable solution for the whole 21,000,000 acres of 
aspen-birch lands in the northern Lake States? Perhaps 20 per cent 
is being converted to conifers naturally. Possibly 30 per cent may be 
marketable for the aspen and birch on their own merits. It may be that 
20 per cent of the area will be planted and converted by private owners 
during the next few decades, altho such a movement has hardly begun. 
The aspen on the remaining 30 per cent, including more than 6,000,000 
acres, will deteriorate and go to waste unless steps are taken to prevent 
it. Two possible measures may be suggested: (1) The acquisition and 
planting of aspen lands by public agencies; (2) the dissemination of 
information as to the abundant supply of aspen, its value for present 
forms of utilization, and study of its properties for the purpose of 
developing new uses. 
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TABLE XV 
Seconp GrowtH ASPEN 
(Populus tremuloides ) 

Minnesota 


Gevorkiantz, S. R. 1926 International 14 inch kerf. 


Number of 16-foot logs 


Diameter breast high 1 | 16 2 2% 3} 34% 4 4% Basis 
Inches Volume—bd. ft. Trees 


31 43 
40 42 
50 47 
58 37 


68 5 122 a 36 
79 100 120 144 167 


118 144 171 198 


| | 

106 138 170 202 233 23 
123 161 199 237 274 
142 186 230 276 319 5 


369 


163 213 264 319 
35 44 39 68 


Stump height, 1 foot; top diameter inside of bark, 5 inches; trees scaled in 16-foot lengths. 

Compiled by the Frustum Form Factor method from data collected by E. E. Probstfield. 
A. F. Verrall assisted in the compilation. 

Difference between total volume of trees used as a basis and volumes as taken from the 
tab'e —0.13 per cent. 

Average deviation of individual tree volumes from interpolated tabular volumes, + 5.33 
per cent. 

Block indicates extent of original data. 
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TABLE XVI 
Srconp GrowtH ASPEN 
(Populus tremuloides) 

Minnesota 


Gevorkiantz, S. R. 1926 Scribner Decimal C. 
Number of 16-foot logs 
Diameter breast hig. 1 114 2, 21% 3 3% 4 416 Basis 
Inches Volume—bd. ft. Trees 
6 
6 
6 
if 
Ke 
8 
9 
11 
12 
14 
LST has Beet 1 22 34 27 45 25 45 35 tf 234 


Stump height, 1 foot; top diameter inside of bark, 6 inches. Scaled in 16-foot lengths. 

Compiled by the Frustum Form Factor method from data collected in 1925 by E. E. 
Probstfield. A. F. Verrall assisted in the compilation. 

Difference between total volume of trees used as a basis and volumes as taken from the 
table, +0.35 per cent. 

Average deviation of individual tree volumes from interpolated tabular volumes, +6./8 
per cent. 

Block indicates extent of original data. 
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TABLE XVIII 
Sreconp GrowtH Paper Biren 
(Betula papyrifera) 
Lake States 
Gevorkiantz, S. R. 1926 Cubic feet 


Total height of tree—feet 


Diameter breast high 25 | 30 35 | 40 | 45 50 55 | 60 | 65 | 70 Basis 


Inches Total volume—cu. ft. Trees 


Volume includes stump, stem, and top without bark. 

Compiled by the Form Factor method from data collected in 1926. 

Cubed in 8.15-foot sections by Smalian’s formula. 

Block indicates extent of original data. 
Difference between total volume of trees used as a basis and volumes as taken from the 
table, —o.06 per cent. 

Average deviation of individual tree volumes from interpolated tabular volumes, +4.01 
per cent. 


TALE XIX 
Srconp GrowtH Paper Bircu 
(Betula papyrifera) 
Lake States 


Gevorkiantz, S. R. 1926 : Merchantable cubic feet 


Total height of tree—feet 


Diameter breast high 35 40 45 50 55 | 60 | 65 70 Basis 


Inches | Merchantable volume—cu. ft. Trees 


1.4 21 
2.6 18 
4.0 14 
5.5 13 
( 8 
9.0 3 
11.0 1 
18 78 


Volume inside of bark. 

Stump height, one foot; top diameter inside of bark, 3 inches. 

Compiled by expressing merchantable volume as a percentage of the total volume. 
Data collected in 1926. 


Difference between total merchantable volume of trees used as a basis and volumes as taken 
from the table, +0.19 per cent. 


Average deviation of individual tree volumes from interpolated tabular volumes, + 7.7 
per cent. 


Block indicates extent of original data 


TALE XX 
Seconp Growrn Parer Bircu 
(Betula papyrifera) 
Lake States 
Gevorkiantz, S. R. 1926 ‘ Cords 


Total height of tree—feet 


Diameter breast high 35 40 45 50 55 60 65 70 Basis 


Inches Peeled volume—cords Trees 


“01 “01 “02 "02 | 02 21 

02 | .02 .03 .03 “04 18 

Il 205 05 14 

06 07 13 

—-]_0s 8 

Ar iiaeedd 3 

12 1B 1 

Basisrg een oe ie eye 1 9 17 18 12 78 


Standard cords, 4x4x8 feet. 

Volume of peeled.stem above a one-foot stump to a top diameter inside of bark, 3 inches. 

Compiled from the merchantable volume in cubic feet by dividing the volume per tree by 
the number of cubic feet per cord for each D.B.H. class by the use of cordwood factors ao 
U. S. Forest Service Circular 163 converted to D.B.H. basis. 

Data collected in 1926, 

Block indicates extent of original data. 
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Common and Scientific Names of Trees Mentioned in Text 


Common Name Scientific Name 
American elm Ulmus americana, Linnaeus 
Aspen Populus tremuloides, Michaux 
Balsam fir Abies balsamea, (Linnaeus) Miller 
Balsam poplar Populus balsamifera, Linnaeus 
Basswood Tilia Glabra, Ventenat 
Black ash Fraxinus nigra, Marshall 
Black spruce Picea Mariana, (Miller) Britton, Sterns, and Pog- 

genberg 
Bur oak Quercus macrocarpa, Michaux 
Eastern hemlock Tsuga canadensis, (Linnaeus) Carriers 
Green ash Fraxinus pennsylvanica lanceolata, (Borkhausen) 
Sargent 

Hop-hornbeam Ostrya virginiana, (Miller) Koch 
Jack oak Quercus ellipsoidalis, E. J. Hill 
Jack pine Pinus banksiana; Lambert 
Large-tooth aspen Populus grandidentata, Michaux 
Northern white cedar Thuja occidentalis, Linnaeus 
Northern white pine Pinus strobus, Linnaeus 
Norway pine Pinus resinosa, Solander 
Norway spruce Picca abies, Karst 
Paper birch Betula papyrifera, Marshall 
Pin cherry Prunus pennsylvanica, Linnaeus fils 
Red maple Acer rubrum, Linnaeus 
Red oak Quercus borealis, Michaux 
Red spruce Picea rubra, Link 
Scarlet oak Quercus coccinea, Muenchhausen 
Scotch pine Pinus sylvestris, L. 
Sugar maple Acer saccharum, Marshall 
Tamarack Larix laricina, (DuRoi) Koch 
Western white pine Pinus monticola, D. Don 
White spruce Picea glauca, (Moench) Voss 
Yellow birch Betu'a lutea, Michaux 


Common and Scientific Names of Shrubs and Herbaceous Vegetation 
Mentioned in the Text 


Common Name Scientific Name 
Alder Alnus incana, (L.) Moench. 
Arbutus Epigaea repens, L. 

Bedstraw Galum borcale, L. 
Bellwort Uvularia grandiflora, Sm. 

_ Baneberry Actaea rubra, (Ait.) Willd. 
Blueberry Vaccimum pennsylvanicum, Lam. 
Brake fern Pteris aquilina, L. 

Canada mayflower Matanthemum canadense, Dest. 
Choke cherry Prunus virginiana, L. 
Clintonia Clintoma borealis, Ait. 


a % 


Clubmoss 
Dwarf raspberry 
Dogwood 


Early meadow rue 
Fern 


Gooseberry 
Ground pine 
Hazel 


Hepatica 

Large leafed aster 
Mountain maple 
Mitrewort 

Pyrola 


Raspberry 


Starflower 
Sweet fern 
Twisted-stalk 
Viburnum 


Wild ginger 
Winterercen 


Lycopodium spp., not complanatum, L. 

Rubus triflorus, Richards 

Cornus paniculata, L’ Her. 

Cornus circinata, L’ Her. 

Thalhctrum dioicum, L. 

Asplenium filix-femina, (L.) Bernh. 

Aspidium spinulosum, (O. F. Muller) Sw. 

Osmunda claytoniana, L. 

Ribes spp. 

Lycopodium complanatumvar. flabelliforme, Fernald 

Corylus americana, Walt. 

Corylus rostrata, Ait. 

Hepatica acutiloba, DC. 

Aster macrophyllus, L. 

Acer spicatum, Lam. 

Mitella nuda, L. 

Pyrola secunda, L. 

Pyrola rotundifolia, Man. ed. 6, not L. 

Rubus idaeus var. aculeatissimus (C. A. Mey) 
Regel and Tiling 

Trientalis americana, (Pers.) Pursh. 

Myrica asplenifolia, L. 

Streptopus roseus, Michx. 

Viburnum dentatum, L. 

Viburnum opulus L. var. americanum (Mill) Ait. 

Asarum canadense, L. 

Gaultheria procumbens, L. 
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A PRELIMINARY ACCOUNT OF THE 
RASPBERRY APHIDS 


J. D.- WINTER 
INTRODUCTION 


Aphids are mentioned frequently in published data as vectors of 
mosaic and other virus diseases. The data often show that a definite 
relationship exists between a specific virus and one or more species of 
aphid. For example, several species may occur on a given food plant 
but only one may be able to transmit a specific virus disease. 

The writer became interested in the aphids of the bramble fruits 
because of the wide distribution of v.rus diseases in cultivated plantings 
of these fruits. Much investigational work on these diseases has been 
done in recent years. In the bramble fruits the injection of plant juices 
from diseased plants has failed to transmit virus infection. Inoculation 
has been successful only with the use of aphids as vectors. 

A search of the literature failed to disclose any publication dealing 
with the bramble fruit aphids as a group, or giving a general survey 
of species and distribution. Only recently have these aphids been con- 
sidered of economic importance and little work has been done with them 
from this viewpoint. An attempt has been made, therefore, to bring 
together a complete record of the bramble fruit aphids of North America 


and Europe, including their synonomy and host plant species. 


The brambles, which comprise the genus Rubus, consist of many 
distinct forms and an almost endless number of intermediate forms. 


_ Much confusion and uncertainty in the taxonomy of this group are the 
result. Bailey (1916) states that more than 3,000 species have been 


named, of which at least 400 are well defined forms. The genus is 


_ widely distributed in North America, where at least 100 species have 
_ been described. The horticultural varieties grown in North America 
for their fruit are derived principally from American and European 
species of Rubus. 


Grateful acknowledgmen: is made to Professor A. G. Ruggles, of 


: the Division of Entomology and Economic Zoology, for his many help- 


ful suggestions and his kindness in extending facilities for the work; 
to Dr. C. E. Mickel, of the same division, for advice and suggestions 


on various problems, especially those relating to taxonomy; and to 


_ Dr. O. W. Oestlund, of the Department of Animal Biology, for much 


_ kindly advice and assistance. 


Submitted for publication, March, 1929. 
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APHIDS RECORDED ON RUBUS IN NORTH AMERICA 
Their Synonomy and. Host Plants 


Ten spec‘es of aphids are recorded as feeding on Rubus in North 
Amer:ca. Only five of these are of wide distribution—Amphorophora 
rubi, Amphorophora rubicola, Amphorophora sensoriata, Aphis rubicola, 
and Cerosipha rubifoli. The literature mentions Aphis rubiphila Patch 
as being of wide distribution, but the writer (1929) considers this aphid 
identical with Aphis rubicola Oestlund. The blackberry aphid, C. rubi- 
fol, is usually the only species that causes any appreciable direct injury 
to the host plant. 

The records of two species included—Macrosiphum ambrosiae and 
Pemphigus rubi—ndicate the probability that they were accidentally 
on Rubus when collected. In the literature it is common to find aphid 
species described as living on certain host plants on the strength of 
limited observation, in some instances on the collection of a single 
specimen. The writer believes that many unwarranted conclusions are 
thus reached that would be disproved by further study. During this 
study 16 additional species were taken on Rubus. The tribes Macro- 
siphini, Aphidini, Callipterini, and Anoeciini were represented in these 
collections. These 16 species are apparently distinct and none agree 
with the description of any of the species heretofore recorded on Rubus 
in North America. With three exceptions, not more than one specimen 
of the same species was taken in four years. The writer considers 
these specimens as accidentally on Rubus when collected. 

Only one species is common to both Europe and North America. 
With the exception of the questionable record of Macrosiphum am- 
brosiae, these aphids have not been recorded on any food plant other 
than Rubus sp. in North America. 


Genus AMPHOROPHORA!' 
Amphorophora davidsoni Mason 


Amphorophora rubi (Kaltenbach) Swain (not rubi Kaltenbach), 
Univ. Calif. Pub., Ent. vol. 3, no. I, 1919, p. 54 

Amphorophora davidsoni Mason, Proc. U. S. Nat. Museum, vol. a 
att) 20,1925, 2.2120 
Mason (1925) describes this species and reports it taken in I9Q11 — 

by Davidson, in California, on thimbleberry. This probably refers to 

Rubus parviflorus Nuttall, syn. R. Nutkanus Moc. Mason believes the i 

specimens that Swain (1919) described as rubi Kalt. to be this species. 

Swain reports specimens taken occasionally on thimbleberry in California. — 


1 Mason (1925) has been followed with respect to the species included under the genus 4 
Amphorophora. f 
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Amphorophora maxima Mason 

Amphorophora maxima Mason, Proc. U. S. Nat. Museum, vol. 67, 

art. 20, 1925, p. 35 

Mason (1925) describes this species from a single alate specimen 
and several nymphs taken in 1911 on salmonberry in California. The 
food plant referred to is probably either Rubus spectabilis Pursh or 
R. parviflorus. The specimens were taken in August and constitute the 
only record of this species. 


Amphorophora reticulata Mason é 

Amphorophora reticulata Mason, Proc. U. S. Nat. Museum, vol. 67, 

art. 20, 1925, p. 51 

Mason (1925) describes this species from one alate viviparous fe- 
male taken by Pergande, July, 1907, on raspberry in Washington, D. C. 
This species is distinguished from A. rubi by its smaller size; by the 
longer antennae, which are dark colored and more than twice as long 
as the body; by the cornicles, which are very distinctly reticulate at 
the tip; and by the fewer number of sensoria (20 on the specimen 
described) on antenna III. 


Amphorophora rubi (Kaltenbach) 

_ Aphis rubi Kaltenbach, Monographie der Familien der Pflanzenlause, 
b 1843, p. 24 
_ Siphonophora rubi (Kaltenbach) Koch, Die Pflanzenlause Aphiden, 
1854, p. 191 
; Nectarophora rubi (Kaltenbach) Oestlund, Minn. Geol. and Nat. Hist. 
e Surv. Bull. 4, 1887, p. 87 

— Macrosiphum rubt (Kaltenbach) Del Guercio, Nuove Rel. Staz. Firenze, 
q Ser, I, NO. 2, 1900, p. 159 
; Paaphorophora rubi (Kaltenbach) Schouteden, Mem. de la Soc. Ent. 
de Belg., vol. 12, 1906, p. 242 
_ Eunectarosiphon rubi (Kaltenbach) Del Guercio, Redia, vol. 9, 1913, 
=p. 188 
4 Rhopalosiphum rubi (Kaltenbach) Van der Goot, Beit. kennt. der 
: Holland, Blattlause, 1915, p. 153 

_ Acyrthosiphon (Amphorophora) rubi rubi (Kaltenbach) Mordvilko, 
Fauna de la Russie, 1919, p. 251 
_ Nectarosiphon rubi (Kaltenbach) Patch, Conn. St. Geol. and Nat. Hist. 
fee sury: Bull.) 34, 1923, p. 310 ; 
_ Amphorophora rubi (Kaltenbach) Mason, Proc. U. S. Nat. Museum, 
++ -vol. 67, art. 20, 1925, p. 52 
This appears to be the most widely distributed of all aphids recorded 
2 Rubus and is the only species common to both Europe and North 
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America. It is found on the leaves and canes of Rubus throughout the 
summer. The following food plants are recorded for this species : 
Rubus caesius Linn. Kaltenbach 1843 
Rubus corylifolius. Kaltenbach 1843 
Rubus discolor. Kaltenbach 1843 
Rubus fruticosus Linn. lKaltenbach 1843, Buckton 1876, Theobald 
IQI7 
Rubus idaeus L'nn. Kaltenbach 1843, Buckton 1876, Theobald 
IQI7 
Rubus loganbaccus Bailey. Dav-dson 1912 
Rubus occidentalis Linn. Gillette 1911, Guyton 1924 
Rubus parviflorus Nutt. Davidson 1914 syn. R. Nutkanus Moc. 
Rubus saxtalis Linn. Patch 1918 
Rubus strigosus Michx. Oestlund 1886, Patch 1914 
Rubus vitifolius Ch. and Schl? Essig 1917 
Blackberry. Thomas 1879 
Blackberry, cultivated. Essig 1917, Shinji 1917, Davidson 1912 
Blackberry, wild. Shinji, 1917 
Cytisus scoparius Link. Buckton 1876 syn. Sarothamus scoparius 
Wim. 
Epilobium montanum Linn. Davidson 1925 
Geum urbanum Linn. Davidson 1925 
Mason (1925) believes that Macrosiphum fragariellum Theobald is 
identical with A. ruli Kalt., altho stating that Mordvilko considers it 
a subspecies, A. rubi fragariellum. Theobald (1926) states that fra- 
gariellum is common in Europe and lives entirely on the strawberry, 
the eggs being found on that plant. Mason includes a translation of 
Mordvilko’s key, which separates rubi into four subspecies. Two of 
these subspecies, rubi amurense and rubi zhuravlevi, are considered dis- 
tinct species by Mason. Accord’ng to Laing, Buckton’s material col- 
lected on Sarothamus scoparius is the species pisi. Theobald (1926) 
says that the species taken by Waiker on Geum urbanum is get Koch, 
and believes that rubi feeds only on Rubus sp. In North America, 
rubi has not been taken on any food plant other than Rubus sp. 


Amphorophora rubicola (Oestlund) 
Macrosiphum rubicola Oestlund, Minn. St. Geol. Rept. 14, 1886, p. 27 
Nectarosiphon rubicola (Oestlund) Kirkaldy, Canad. Ent., 1906, p. 12 
Nectarosiphum rubicola (Oestlund) Essig, Unv. Calif. Pub. Ent., 
Vola, NO..751917,-p. 9320 : 


2 Essig records the specimens taken on wild blackberry (R. vitifolius). As R. vitifolins — 
is a dewberry, this record perhaps should be listed under blackberry. 
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Amphorophora rubicola (Oestlund) Davidson, Jour. Econ. Ent., 1914, 

p. 136 

This species is widely distributed in North America. It is not be- 
lieved to have an alternate host plant. The following food plants are 
recorded : 

Rubus occidentalis Linn. Guyton 1924 

Rubus parviflorus Nut. Essig 1917, Swain 1919 

Rubus strigosus Michx. Oe¢estlund 1886, Patch 1914 


Amphorophora sensoriata Mason 

Amphorophora sensoriata Mason, Proc. Ent. Soc. Wash., vol. 25, no. 9, 

1923, p. 188 

This species is widely distributed in North America on the black 
raspberry but is not often found on the red raspberry. It has been 
taken occasionally by the writer on black raspberry in Minnesota, where 
it occurs in strong colonies that feed on the terminal leaves and canes. 
This aphid is readily distinguished from rubi and rubicola by the shorter 
cornicles and the more numerous sensoria in both alate and apterous 
forms. It has been collected on Rubus throughout the grow.ng season 
and is believed not to have an alternate host plant. Dr. C. W. Bennett, 
in a letter to the writer, states that this species has appeared every season 
for three years in cages where only raspberries and a small amount of 
June grass were present. 


Genus APHIS 
Aphis rubicola Oestlund 


Aphis rubicola Oestlund, Minn. Geol. and Nat. Hist. Survey, Bull. 4, 
Po T57,p. GO 
Aphis rubiphila Patch, Maine Agr. Exp. Sta. Bull. 233, 1914, p. 269 
This species is recorded as common on the red raspberry and is 
widely distributed in North America. Swain (1919) states that David- 
son, in 1916, found specimens believed-to. be rubicola on loganberry and 
“blackberry in California. The writer has collected this species on culti- 
vated black raspberry. 


Genus CEROSIPHA 

LV Cerosipha rubifolii (Thomas) 

Sipha rubifolii Thomas, 8th Rept. State Ent. Ill., 1879, p. 121 
—Cerosipha rubifoli (Thomas) Davis, Jour. Econ. Ent. vol. 3, 1910, 

— Pp. 492 
Aplus rubi Bennett, Mich. Agr. Expt. Sta. Tech. Bull. 80, 1927, p. 14 

_ This is the common blackberry aphid and is widely distributed on 
the blackberry in North America. It causes a characteristic curling 
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of the foliage, particularly on the young leaves near the tips of the 
canes. Sanborn (1904) reports this species on the cultivated black- 
berry in Kansas; Davis (1910), on the wild and cultivated blackberry 
in Illinois; Baldwin (1912), on the wild blackberry in Indiana; and 
Guyton (1924), on the blackberry in Ohio. This species has not been 
recorded from Minnesota altho it is probably present but has been con- 
fused with Apis rubicola. Wilson and Vickery (1918) list Rubus 
occidentalis and R. villosus as food plants of this species. R. ullosus 
is probably the cultivated blackberry mentioned by Sanborn and others. 

The writer observed that the published descriptions of this species 
coincided wtih the description of Aphis rub‘cola except that the an- 
tennae of rubifolit have only five segments. The location of the primary 
sensoria indicates that segments III and IV are merged. Upon inquiry, 
the writer found that there are no slides of rubifolii in the Thomas col- 
lection with the State Natural History Survey at Urbana, Illinois. 
Undoubtedly the type for this species is lost. A slide containing three 
alate viviparous females was kindly loaned to the writer by Dr. T. L. 
Guyton. These specimens were compared with rubicola and found ap- 
parently identical in every respect with the exception of the merged 
antennal segments. Dr. C. W. Bennett, who has worked with aphids 
in the transmission of virus diseases, states, in a letter to the writer, 
that rubicola usually will not satisfactorily live and reproduce on any 
variety of blackberry that he has worked with, while no difficulty is 
found in this respect with the common blackberry aphid. The black- 
berry aphid referred to by Bennett (1927) as Aphis rubi is undoubtedly 
rubifolit, altho no material is available for examination. This indicates 
strongly that rubicola and rubifolii are distinct species. - 


Genus MACROSIPHUM 


Macrosiphum ambrosiae (Thomas) 
Siphonophora ambrosiae Thomas, Il. State Nat. Hist. Bull. 2, 1878, p. 4 
Nectarophora ambrosiae (Thomas) Oestlund, Geol. and Nat. Hist. 
Surv. Minn. vol. 4, 1887, p. 84 : 
Macrosiphum ambrosiae (Thomas) Cockerell, Canad. Ent. vol. 36, -— 
1904, p. 262 
Tritogenaphis ambrosiae (Thomas) Oestlund, 19th Rept. State Ent. 
Minn. 1922, p. 142 
Macrosiphum ambrosiae (Thomas) Soliman, Univ. Calif. Pub. Ent., 
Bull. 4, no. 6, 1927, p. 110 ; 
Thomas, in his original description of this species, records it from 4 
Iowa on Ambrosia psilostachya DeCand. Sanborn, in his Kansas — 
Aphididae, records it on white snakeroot, Eupatorium ageratoides: — 
Oestlund (1887) reports it common on Ambrosia trifida Linn, Gillette — 
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(1911) reports it abundant on this food plant and also taken on Iva 
xanthifolia and Rudbeckia sp. Swain (1919) reports what was prob- 
ably this species on Helianthus annus Linn. Davis (1913) remarks 
that this species may be identical with M. rudbeckiae Fitch. Soliman 
(1927) states that the species-recorded by Sanborn is not M. ambrosiae 
(Thomas). No mention is made by these authors of this aphid occur- 
ring on Rubus. Wilson and Vickery (1918) record this species on 
Rubus villosus. Owing to the meager records of this aphid on Rubus, 
it appears probable that its occurrence on Rubus was accidental. 


Genus PEMPHIGUS 


Pemphigus rubi (Thomas) 

Pemphigus rubi Thomas, 8th Rept. State Ent. Ill., 1879, p. 147 

Thomas, in his original description, reports this species on the under 
side of leaves of Rubus occidentalis in Illinois. He states that the 
specimens may have been accidentally on the raspberry and that they 
closely resemble specimens found on Populus tremuloides, probably 
Pemphigus populicaulis Fitch. No winged forms were found. Davis, 
in his list of the Aphididae of Illinois, in 1910, states that there is no 
reference to the collection of this species since the original description 
by Thomas. It appears probable that Rubus is not a normal food plant 
for this aphid. Davis (1913) gives a further description of the Thomas 
specimens, with figures. 


APHIDS RECORDED ON RUBUS IN EUROPE 
Their Synonomy and Host Plants 
Six species of aphids are definitely recorded as feeding on Rubus 
in Europe. Six additional species have been mentioned but the avail- 
able records indicate that these six species do not feed normally on 
‘Rubus. Only one of the aphids found in Europe has been recognized 
7 North America. 


ES Genus AMPHOROPHORA 


a The only species of Amphorophora recorded in Europe is Ampho- 
rophora rubi (Kalt.). This species is widely distributed in Europe and 
in North America. The synonomy and list of host plants are given 
under the species found in North America. 
va 
e Genys APHIS 

a Aphis idaei Van der Goot 


phis idaei Van der Goot. Tijdschr. voor Ent. 55, 1912, p. 78 
e According to Davidson (192 5) this species is recorded several 
nes on Rubus idaeus in UES Van der Goot records finding it on 


| 
| 
|, 


10 MINNESOTA TECHNICAL BULLETIN of 


Aphis mordwilkiana Dobrowljansky 
Aphis mordwilkiana Dobr. Kiev. Ent. Sta. South-Russian Agr. Syndi- 
cate, 1913, p. 34 
According to Wilson and Vickery (1918), this aphid is recorded on 
Rubus sp. This is the only food plant recorded. 


Genus MACROSIPHUM 


Macrosiphum poae (Macchiata) 


Siphonophora poae Macchiati, Bul. Soc. Ent. Ital., 17, 1885, p. 62 
Macrosiphum poac (Macchiati) Wilson and Vickery, Tr. Wise. Acad. 
Scis 10, <pt., ps 132 
According to Wilson and Vickery (1918), this species is reported 
on Rubus idaeus, Bromus sterilis Linn., and Poa annua Linn. 


Macrosiphum rubiellum Theobald 
Macrosiphum rubiellum Theobald, Jour. Econ. Biol., 8, 1913, p. 147 
Theobald (1926) states that this species is found on blackberry and 
raspberry until July, when alatae appear and migration occurs. He 
states that it apparently migrates to several alternate host plants, but 
species of Galiumt seem to a’tract it most. He records this aphid in 
England on Rubus fruti-osus, Rk. idueus, Galium aparine, and Galium sp. 


Macrosiphum rubifolium Theobald 

Macrosiphum rubifolium Theobald, Ent. vol. 50, 1917, p. 78 

Theobald (1917) describes this species and records it in England 
on Rubus fruticosus and Rubus idaeus. Theobald (1926) mentions — 
that this species bears a strong structural resemblance to M. rosae. He 
also states that Buckton’s Macrosiphum chelidonii, which Buckton re- — 
corded on raspberry, is not Kaltenbach’s chelidonw but is apparently — 
rubifolium. 


Other Aphids Mentioned as Feeding on Rubus 

Buckton (1876) records Macrosiphum cyparissiae Koch on Rubus 
sp. Theobald (1926) states that Buckton’s slide is in poor condition 
but that it looks like M. rubifolium. Wilson and Vickery (1918) list 
cyparissiae as feeding on Kubus sp. and other plants. 

Wilson and Vickery (1918) list Macrosiphum funesta (Macchiati) | 
as questionable on Rubus idacus. This is the only food plant listed. 

Buckton (1876) records Macrosiphum chelidoni (Kalt.) on rasp- 
berry, but Theobald (1926) states that’ the species recorded by Bucktom 
on Rubus is apparently M@. rubifolium. Wilson and Vickery ae | 
and Davidson (1925) list chelidonii as feeding on Rubus sp. | 

Patch (1918), Wilson and Vickery (1918), and Davidson (1925 
list Hyalopterus trirhoda (Walker) as feeding on Rubus sp. and | 
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plants. Theobald (1926) does not include Rubus sp. as a food plant 
for this aphid. 

Wilson and Vickery (1918) and Davidson (1925) list Aphis urti- 
caria Kalt. as feeding on Rubus sp. Theobald (1926) states that this 
species has been confused with Aphis idaei with reference to the speci- 
mens collected on Rubus. 

Davidson (1925) lists Aphis urticae Fabr. as feeding on Rubus sp. 
and other plants. Theobald (1926) mentions that it is impossible to 
determine the identity of this species described by Fabricius in 1775, 
altho the urticae Fabr. recorded by Roberts in 1915 is urticaria Kalt. 


NOTES ON THE BIOLOGY AND MORPHOLOGY OF 
AMPHOROPHORA RUBI (KALTENBACH), 
AMPHOROPHORA RUBICOLA (OEST- 
LUND), AND APHIS RUBICOLA 
OESTLUND 


Amphorophora rubi (Kaltenbach) 


This large-bod:ed species is the most active of the raspberry aphids 
found,in Minnesota. When disturbed it moves readily and sometimes 
drops to the ground. Fluctuations in population are great, as might 
be expected, owing to the rapid rate of reproduction and the defence- 
less nature of the aphid against various enem:es and unfavorable cli- 
matic conditions. After a per.od of hot, dry weather this aphid is 
often difficult to find in cultivated plantings. At other times large num- 
bers may be found. In plantings where this species was unusually 
abundant, counts at various times averaged from Io to 15 aphids per 
leaf, the leaves being selected at random from the tip of the canes. The 
abundance of this species is not correlated with the season of the year. 
Counts made in certain plantings about August 15, 1925, averaged as 
high as 14 aphids per leaf, altho they are usually not abundant in 
August. 
In M‘nnesota this aphid is commonly found in plantings of culti- 

vated red raspberry, but is not infrequent on the wild red raspberry 
_ and has been noted occasionally on the black raspberry and the culti- 
vated dewberry. The favorite feeding place is the under side of the 
young leaves at the tip of the canes. Sometimes they feed directly on 
the young canes. It is not found in colonies as is Amphorophora 
rubicola. 

Winged forms are not common in Minnesota in summer. They 
have been taken from time to time in June, July, August, September, 
and October, the latest record being November 1, at University Farm 
in 1928. Apterous forms are common on the raspberry throughout the 
_ growing season, viviparous females being taken as early as June 15 at 


4 ’ 


be 
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Lake City in 1928. Alate males were taken on wild red raspberry at 
La Crescent on October 7, 1926, and in the greenhouse during the last 
half of October, 1928. Oviparous females were taken on cultivated 
red raspberry at Wayzata on October 16, 1925, at Byron on October 18, 
1928, and in the greenhouse in the last half of October, 1928. 

The eggs are not laid in large numbers and are difficult to find. 
Apterous viviparous females were reared from eggs on the canes of 
cultivated red raspberry collected at Duluth on May 5, 1927. On 
October 12, 1928, oviparous females were observed depositing eggs on 
some cultivated red raspberries being grown in the plant pathology 
greenhouse at University Farm. The majority of eggs were deposited 
on the under side of the leaves, altho a careful search revealed an oc- 
casional egg on the cane. Many alate males were found at the same 
time. 

On October 13, 1928, three oviparous females were taken and placed 
in separate shallow glass containers with fresh raspberry leaves. The 
tops of the containers were covered with cheese-cloth and the leaves 
were kept properly moistened. Observation showed that the eggs were 
produced singly and at a slow rate. One ind:vidual died after the 
production of one egg; the other two each produced six eggs at an 
average interval of 7 to 11 hours, as shown in Table I. 


TABLE I 
OvipPosITION oF Two SPECIMENS OF Amphorophora rubi 
1928 No. 1 No. 2 
Oct. 13, 4:00 p.m. 1st egg deposited 
‘SS TA5-50200 )a.m: 2d and 3rd eggs found 
12:00 noon 1st egg deposited 
7:00 p.m. 4th egg found 2d egg found 
15,- 10300' a. 5th egg found 3rd and 4th eggs found 
2:30 p.m. 5th egg deposited 
P28) oO 700 a.m, 6th egg found 6th egg found 
rg Lap st Both aphids died 


The eggs were greenish white when deposited. The first eggs began 
to turn black at 4:00 p.m., October 17, and were completely black by 
noon of October 20, at which time they measured 0.67 to 0.76 mm. in 
length and 0.30 mm. in width. By November 1 they had shrunk 
slightly, measuring 0.65 to 0.70 mm. x'0.27 mm. 


Amphorophora rubicola (Oestlund) 

Mason (1925) records this species taken in March, April, and May 
in California; in July in Minnesota, British Columbia, and at Ottawa, 
Canada; in August in Maine; in October in Ontario. Odcstlund men- 
tions finding this species in Minnesota as late as November 1. The 


writer has taken alate and apterous forms in Minnesota throughout the | 
growing season, from June to October. In 1925, alate males were taken — 


wat 
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as. early as September 15 in the vicinity of Duluth on the wild red 
raspberry. There are no published records that the eggs have been 
observed. 

In Minnesota this aphid is found most commonly on the wild red 
raspberry in the northern part of the state, where it is often abundant. 
It is not often found in cul ivated plantings. Winged forms are more 
often seen than are winged forms of rubi. This aphid is readily dis- 
tinguished from rubi by exceptionally long cornicles, which are de- . 
cidedly longer than segment III of the antenna. Also by the conspicu- 
ous dusky spot at the tip of the front wings. In contrast to rubi it is 

_ markedly gregarious, and strong colonies are often found on the under 
side of leaves and on the canes near the tip of the new growth. 

In deser.bing the alate male, Mason (1925) had only one specimen, 
which had lost one antenna and all but part of segment III of the other. 
The antenna of the alate male is decidedly longer than the body and 
is dark colored except at the base of III. Antenna III is obviously 
shorter than the cornicles, with 50 to 60 circular sensoria; IV has none; 
and V has 8 to 10 sensoria. 

Mason (1925), who apparently had only two specimens for observa- 
tion, states that the apterous viviparous female has 13 to 15 sensoria 
on the basal half of III. The writer found that the sensoria on III 
varied from 7 to 17 in number and that they often extended somewhat 

_ beyond the basal half. 


Aphis rubicola Oestlund 

This species is readily distinguished by its small size from other 
_ aphids common to the raspberry in Minnesota. It is widely distributed 
on both wild and cultivated plants but appears to reach its greatest 
"abundance on the wild red raspberry, Rubus strigosus. Observations 

made at Two Harbors, on September 12, 1925, where this species was 
B unusually abundant, showed a maximum ‘at 219 on a single leaf of the 
~ wild red raspberry. Twenty leaves taken at random averaged 54.7 


| This aphid is found on the under side of the leaves of red and black 
‘raspberries. It is not active and moves very little so long as the portion 
_ of the plant on which it is present remains suitable for food. Winged 
Brorns sometimes are quite numerous during the summer. Apterous 
_ forms are found on the raspberry throughout the growing season, from 
"Jane to October. A decided preference is shown for certain cultivated 
_ Varieties of the red raspberry, particularly Cuthbert, Golden Queen, and’ 
Sunbeam, according to field counts made at various times where several 
varieties were grown in adjoining rows. 
Bs _Ees of this species were collected i in the ebring of 1925 on culti- 
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alate viviparous females being obtained. Canes of the wild red rasp- 
berry covered with enormous numbers of the eggs were collected on 
May 5, 1927, near Duluth. Specimens of this lot also were reared for 
identification. It is not usual to find eggs in such quantities, not more 
than one to six being generally found around each bud. The eggs are 
shiny black and are found on the cane mostly in the axils of the leaves.- 
They are well hidden in the crevice formed by the bud except when 
they are numerous and are found on other portions of the cane. The 
eggs collected in the spring measure 0.43 to 0.49 mm. in length and 
0.22 mm. in wid-h. They begin to hatch when the buds first show 
green. 


DISTRIBUTION AND MOVEMENT OF WINGLESS FORMS 
OF AMPHOROPHORA RUBI (KALTENBACH) 


The distribution and movement of wingless forms of Amphorophora 
rubt are of special importance because winged forms are not abundant 
during the summer months and this species is known to be the principal 
vector of the mosaic group of virus diseases of bramble fruits. The 
distribution of wingless forms is limited by the distance they may be 
able to crawl or may be carried by some agency. 


Agencies of Distribution 

The possible agencies of distribution from plant to plant or from 
one planting to another are rain, wind, animals, birds, and persons, and 
equipment for the care and culture of raspberry plantings. No data 
are available on the possible distribution of rubi by animals or birds, 
but these factors are probably of little consequence. Wind is not likely 
to be an important factor in the distribution of wingless forms from 
one planting to another. The writer is informed by F. M. Wadley, 
J. E. Dudley, Jr., and others who have used tanglefoot screens exten- 
sively, that wingless aphids are usually not taken on these screens ex- 
cept close to the ground. It is possible that leaves bearing aphids 
occasionally may be carried a considerable distance by strong winds. 
Aphids may be carried on plants or plant parts removed from a planting 
or taken from one place to another. Observations show that rubi is 
frequently carried on the clothes of berry pickers and other workers 
who come in close contact with bushes on which this aphid is abundant. 


Factors Causing Dislodgment from Foliage y 

Rankin (1927) found that rains may dislodge large numbers of rubi — 
but that after rains of short duration they soon return to the bushes. ~ 
It is probable that strong winds will dislodge some of them, altho: no | 
data on this point were obtained. | 
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To determine whether aphids are dislodged when the foliage is 
disturbed, a white sheet was spread under individual bushes and a 
single-tree, such as is used with a cultivator, was brushed past the bush, 
approximately as if a horse cultivator were passing down a narrow row. 
The plants used were two years old in a planting of red raspberry at 
Nevis. A considerable number of rwbi were found, but no data were 
obtained as to the number on each bush. Forty aphids were dislodged 
from the 10 bushes used in this experiment, as shown in Table II. 


TABLE IL 
DIsLoDGMENT OF A. rubi WHEN Fo.LiAGe 1s DistuRBED 


Number of aphids disledged 
Date Number of bushes ~ 


Maximum Minimum Average Total 


July 19, 1926 10 10 ) 4 40 


To determine whether aphids are dislodged when a plant is removed 
by digging, 8 bushes were surrounded with a white sheet on July 20 
and 21, 1926, at Nevis. The canes were cut off at the surface of the 
ground with a pair of pruning shears and were placed on the sheet as 
they were cut. The canes were handled in approximately the same 
way as when a plant is dug. As soon as all canes were cut they were 
lifted from the sheet and carried away. Forty-two aphids were found 
on the sheet and 189 on the foliage of the canes carried away. This 
indicates that in the ordinary process of roguing all the aphids are not 
removed with the rogued plant. The maximum temperature in the 
shade at the time of this experiment was 29 degrees C.; the minimum 
20 degrees C. 


Behavior When Dislodged from Foliage 


To determine the behavior of rubi when dislodged and thrown to 
the ground, many individuals were studied. Adult forms were very 


active and crawled from 4 to 5 feet in 8 to 15 minutes. They will 


ascend anything in their path—a dead twig, a toothpick, the stem of 
a weed, a raspberry cane, or similar material. If it is somethng upon 
which they can not feed, they crawl down and proceed on their way. 
If it is a living raspberry cane with foliage they will invariably remain 
and feed. They appear to have no sense of d rection or attraction 
toward raspberry canes that may be close at hand. This behavior 
probably explains why the virus infection that rubi is known to trans- 
mit spreads mostly to adjoining plants rather than at random through 
a planting. Aphids feeding on an infected plant, if disturbed and 
thrown to the ground, will either return to the same bush or will ascend 
the first bush in their path rather than pass through adjoining bushes 


_ to more distant ones. 


a) 
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Distance and Rate of Movement on the Ground 


The distance that wingless forms are able to crawl from one plant- 
ing to another is limited by the activity of the aphid and by the time 
it can live without food, if we assume that no plants of the genus Rubus 
exist at intermediate points. On three occasions adult and partly grown 
rubi were confined in glass containers covered with cheese-cloth, with 
paper substituted for raspberry leaves. The maximum time that they 
were able to live without food was 50 hours. Most of them survived 
40 to 50 hours, the average being about 45 hours. ' Similar containers 
with raspberry leaves kept properly moistened were used as checks, the 
majority of aphids being alive at 100 hours in each experiment. 

The following experiment was made at Nevis on July 19 and 20, 
1926, to determine the distance covered by the wingless forms of rubi 
in a given time on cultivated ground. Sixteen adults were carefully 
placed on the ground between two rows of raspberry plants. Their 
distance in a straight line from the starting point was recorded at stated 
intervals, no account being taken of backward and wandering move- 
ments. The sixteen aphids traveled 428 inches in 120 minutes, averag- 
ing 3.6 inches each per minute. The maximum time one individual was 
under observat:on was 30 minutes and the distance traveled was 63 
inches. The maximum distance traveled by one individual was 86 
inches in 26 minutes. The temperature in the shade during this experi- 
ment ranged from 38 degrees to 43 degrees C. It is found that under 
favorable conditions the average time an aphid can exist without food 
is about 45 hours. Therefore the average theoretical distance that it 
would be capable of traveling is 810 feet. Actually, the distance it is 
likely to travel is probably much less because of other factors such as 
obstructions, storms, heat, and the improbability that one would travel 
continuously and in a relatively straight line for a long time. 

The data on dislodgment, distance, and rate of travel of rubi indi- 
cate that movement of wingless forms from one planting to another is 
not likely to occur if such plantings are a relatively short distance apart. 
It was found that distribution within a planting occurs when the foliage 
is disturbed by cultural operations and by digging of plants, and that 
this species may be carried on the clothes of persons from one planting 
to another. Citations are given to show that rain and wind may be 
factors of distribution within a planting but not from one planting to 
another. 


Behavior When Leaves Become Wilted 
The following experiment was made at Nevis in 1926 to discover 


the behavior of wingless forms of rubi feeding on plants that are dug 
and left on the ground. Ten leaves with aphids feeding upon them, 


= 
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-were picked and placed on the ground. Care was taken to select aphids 
that were actually feeding and to disturb them as little as possible. Adult 
aphids were used except where noted. The data in Table III indicate 
that dispersal occurred as soon as the leaves began to wilt. 


TABLE III 
Benavior oF A. rubt wHEN Leaves BECOME WILTED 
Date Temperature Condition Position Aphids 
commenced, 1926 Hour in shade of leaves of leaves present 
July 18 6:30 p.m. 30° C. just picked in shade 10 
8:00 p.m. not wilted fe 
9:00 a.m. wilted Me ° 
eZ 11:00 a.m. g2°)C, just picked in sun 10 
12:00 noon partly wilted = 2 
3:00 p.m. wilted - 4 ° 
iS TS 11:00 a.m. Bae iC, just picked # 42* 
12:00 noon partly wilted - = (0) 
Bet EG 5:00 p.m. 6 Saal Or just picked in shade 40 
6:15 p.m. slightly wilted a 28 
9:00 a.m. wilted Z ° 
TS ar26. 8:30 a.m. Ze: just picked si 16 
9:30 a.m. not wilted et 14 Py 
11:30 a.m. partly wilted m 6 
4100 p.m. wilted a co) 
* Nymphs. 


RESISTANCE OF THE HERBERT RASPBERRY TO 
AMPHOROPHORA RUBI (KALTENBACH) 


According to Darrow (1920), most of the red raspberries cultivated 
in North America are derived from the native American red raspberry, 
R. strigosus, or from hybrids between this species and the European 
ted raspberry, R. idaeus. Darrow presents evidence to show that the 
varieties Cuthbert, Golden Queen, and Herbert are derived from 
R. strigosus x R. idaeus and that the variety King is derived directly 


from R. strigosus. 


It is well known that raspberry varieties differ materially in their 


susceptibility to virus disease infection. Casual observation showed 
_ that rubi seemed to have a decided preference for certain varieties, indi- 


, 


é. 
: 


.. 
2 


cating the possibility of correlation between virus susceptibility and 


host plant resistance. 


Field Counts of Population on Cultivated Varieties 
To secure data on the subject of host plant resistance, field counts 


“were made in 1927 and 1928 in plantings where several cultivated va- 
“rieties were grown in adjoining rows. The counts were taken on 100 


_ leaves of each variety selected at random from the top of the canes. 


The leaves were taken from about 75 feet of continuous row of each 


-variety and mostly in the same plantings throughout the two years. 
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The data in Table IV indicate a consistent relation between aphid 
population and the host plant variety. -Herbert appears extremely re- 
sistant to vubi altho it is of interest to mention that this does not apply 
to Aphis rubicola, which was often found but is not abundant on this 
variety. Cuthbert and Golden Queen appear to be intermediate in 
resistance between Herbert and the other varieties. At Howard Lake, 
the Herbert was grown between Latham and Golden Queen in adjoining 
rows. At Lake City, the Herbert was between Cuthbert and St. Regis. 
The counts on Herbert were checked several times by counting an addi- 
tional 100 leaves, but no more aphids were found than in the original 


count, 
TABLE IV 
NumesBer oF A. rubi oN 100 Leaves SELECTED AT RANDOM 
Howard Lake Lake City 
Eveleth - 
Variety Aug. 3, July 26, Aug. 26, Aug. 18, July 23, Aug. 22, Sept. 16, 
1928 1927 1927 1928 1928 1928 1928 
duathain cr «ian heen 92 75 38 21 227 27 re 
LS ee Ee Ey hah 84 29 19 280 40 16 
GATE bert Ay.:cnaoneibetac Mees II 9 9 73 6 ° 
Golden Oj neeniir cris unl 6 It 18 70 4 3 
Gerber te. Griesnare cho mee to) to) fo) () I I fo) 
St, MReESIS tite ca euret 82 30 20 201 50 16 
Sunbeawr 94 sates me 82 21 28 ah 
PAE See eae 66 
Osntaraoy hae eee aa 70 
Comparison of Counts at Howard Lake and Lake City 
Aphids 
Variet7 Total leaves Total aphids per 100 leaves 
aaa. sts edie ceuas ar tale ctercmohin Show oka 600 468 78.0 
Leathe mieten ssccath ave sneer amie oteveisaans tose 600 400 66.7 
StivResist s:c fase eee ater aca 690 399 66.5 
SHAE My vey Ac Toe pe eee eee 300 131 A371 
Golden” O@een™ 752s epee otters 600 eZ 18.7 
Cuthbert es -2 0p heseaiie om eiste anya 600 108 18.0 
ETEK Der Ar. nte corm eacrale arta toa e env crananee 60G 2 0.3 


Inability of A. rubi to Maintain Its Population on Herbert 


To obtain further evidence on the relation between aphid population 
and the host plant variety, experiments were performed using potted 
plants of the varieties Herbert, King, and Latham of approximately 
the same size and in the same condition. These pots were kept in moist 
sand on a bench in the outdoor insectary at University Farm. Four- 
inch pots were used. Street-light globes large enough to hold three 
four-inch pots were used to separate the various lots. The tops were 
covered with a double thickness of cheese-cloth and the bottoms were — 
embedded in the sand. 

On July 30, 1928, one plant of Herbert, one of King, and one ag a 
Latham were placed under each of three of these globes. All aphids — 
were removed, then six adult rubi were placed on each plant. A count — 
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of the leaflets over one-half inch in length on August 10 showed: 
Herbert go leaflets, Latham 78, and King 58, indica‘ing that more feed- 
ing surface was available on the Herbert than on either of the other 
varieties. The plants were so placed in each container that their leaves 
intermingled, affording easy passage of the aphids from one plant to 
another. The rubi on these plants were counted at various times, as 
shown in Table V. The results, as shown in Figure 1, indicate a dis- 
tinct preference for Latham and King. 


TABLE V 
Poputation or A. rubi on Turee Varieties GROWN IN THE SAME CONTAINER 
Container Herbert King Latham 
Date, 1928 No. _ = 
. Adults Nymphs Adults Nymphs Adults Nymphs 
BEY SO aac ore o> I 6 - 6 ge 6 
2 6 re 6 a 6 
3 6 Ae -6 a 6 
REEALY ote siiste d's» o's G 18 18 18 
ES IO es ae I 2 4 2 17 5 45 
o 10 25 5 24 
I I 3 20 II 76 
EOE Ae ago oto i2ie 9 Sie =o 8 77 166 
29 0. SESE I 14 ° 69 ° 58 
2 ° II is) 63 49 
3 15 42 123 
DBE 2 ar 40 174 230 
3 t- I 3 24 3 80 2 52 
2 I 19 8 113 4 66 
3 4 22 5 7 4 63 
UAT Ao a ee 735 287 Ig1 


On August 15 the King and Latham plants (Table V) were re- 
moved, leaving only the three plants of Herbert, which were placed in 
one container. The population of rubi decreased at once, as shown in 


Table VI and Figure 1. 


TABLE VI 
Decrease tn Popuration or A. rubi on THREE PLants oF Hergert Arter Kine ano LatHasr 
= Prants WERE REMOVED 


Herbert 

Date, 1928 Adults Nymphs Total 7 
AIRS EEG Patale'alviaicl ols. <)2 e\\e.c'b'n eee cieeds s% 8 65 73 

EAC eteteeFatslelole = (svi eleier rie > + © 4 43 47 

8 ee cy SARE OCR aC eI 2 36 38 
SENS Pe oe Boa, beets oc Cee eee ° 17 17 

by A ee ee ee °o 22 22 

OO. AY 2 FARSS So AOE OCC I 14 is 


To determine the behavior of rubi when each variety is grown in a 
separate container, 3 plants each of Herbert, Latham, and King were 
placed under separate street-light globes on July 30, 1928. All ores 
, mee been removed from these plants. Twenty rubi nymphs two to 
4 
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Fig. 1. Population of A. rubi on Three Varieties Grown in the Same Container (Table V)_ 
Latham and King Removed After 16 Days (Table VI) 


three days old were then placed on each plant. A count of the leaflets 
over one-half inch in length on August 10 showed Herbert 113, King 
48, and Latham 48. The rudi on these plants were counted at various 
times, as shown in Table VII. At such times in this and similar experi-— 
ments all predators or other insect enemies of the aphid were removed. 
The results, as shown in Figure 2, indicate that rubi has great difficulty 
in maintaining its population on Herbert. There were more leaves on 
the Herbert than on the two other varieties combined. In spite of this, 
the population on King and Latham increased far above that on Herbert. 
TABLE VII 


PoruLaTIon oF A. rubi on THREE VARIETIES IN SEPARATE CONTAINERS, THREE PLANTS oF 
Eacu Variety 1n Eaco ConTAINER 3 


Herbert King Latham & 
Date, 1928 
F Adults Nymphs Adults Nymphs Adults Nymphs 

5 Lh ae Cs See ee i es te, 60 “ee 60 ae 60 
AMS STG ei ad se ada eRe re 16 13 127 9 64 

Sg OEE ey RE 4 39 i2 189 21 248 

RRR aire ears wietsiante 16 66 plants died 42 386 

AE Oe ORO pena 5 31 an =< 36 401 
eC Ne eae ea 5 29 ne = 11 187 

se ) 1 20 + -- 3 131 

=e 
Adults and Nymphs 
1928 REY 
Herbert King Latham 5 

NiUlys 30 eek ot Baie" 60 60 2 60 
AZ, LO eee arto Ide Amo 16 130 73 

eee Sag rts sh ankle ie 43 201 269 

Shae Saye atate Seer aiee 82 aie 428 

ge ee, Sse ye i 4 36 aN 437 
Sept.) —2° <a vin wives weenie 2 34 cn 198 


a Fs o's 'e nes via a a eat 21 pes 134 
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The data given in Tables VI and VII indicate that 4. rubi is unable 
to maintain its population on Herbert under the most favorable condi- 
tions—with young tender foliage to feed on and with predators and 
other insect enemies removed. 

' TABLE VIII 


INCREASE oF A. rubi on LaTHam RaspBerRy AND DECREASE on Husert Wuen CONFINED IN 
InpDivIDUAL CAGEs 


Aug. 2 Aug. 10 Aug. 15 


Cage July 30 - ~ 
adults Adults Nymphs Adults Nymphs Adults Nymphs 


Herbert raspberry 


MAAC ay cthichie phe raise 0<'6) 10 to) °O 
Bil setrctornts 2 I I 2 Co) ° 
1p eae ee I I i) leaf dead 
DG ee We ter oate cee ch orarrcs I I i) oO fo) 
Wea vial Seyeicka eysie. I I fa) o ) 
be Se ate at aioli Al ay bei o wire fan I {9} I fe) fo) 
Dm eetatetct. eclisioicnb/s's > 1 I 2 oS) o 
phat Sy Die eae I I 0 r) 0 
hak Sa ao I I o to) Co) 
te pc 2 te ata ee I 1 (o) fo) I oO (0) 
ZY can dwesiesnesecee I 1 (a) (0) fe) 
Total aphids ....... 20 9 5 oy) I 0 t) 
Latham raspberry 
pene he haart Scilare} peters’ « i\ I Ce) O) C) 
bet lehes) aiminle 4, </ejbts\ 0.0 61.2 I O 0 ae rf ee 
Seeiieesseialn is afers 0. n''o say's I I 5 {e} 4 4 8 
7 ee Se OOS CRO I I 3 ° oO a 
Sl Gimisinc ec cinecnnee I 12 0 9) 2. Oo oO 
DS 6 Gs Eicls ania eae I I fe) ° to) 
7 oe Ae Sisiisievageiiad stokes I I 4 fe) 8 te) 4 
[Bs eae DP IaB pM I I [ Co) 4 T 14 
Quen ss Deh et 76 ae 1 4 ° ° a 
Ole Piste isla: sy oie Theis isi ce I I 4 0) 3 0 7 
iT eRe Eapetlesretel sl excus%ps es I 1 z fo) 2 leaf dead 
Meee sre eccisic citys sane I I 2 ) I ° 0 
Si Hey Maa iesvers ee aleve I ° Co) is 
oh. Rech Scr RC ERE I I ) Co) 11 0 I 
Th Gs SSRs cence eae I I 2 ° 5 rt) 
Owe isicrye< « ie . is I 5 I 19 fe) 
a es Oe Ee I I ) leaf dead ie at 
SUMP sie sttord bikie. 3100 6 I I Co} to) to} a 
Ts) > SES pices CRORE meee I I 2 Co) 0 4 
PACHA Post citsea aks: kea7s ; I I Oo ° Ej 0 ° 
Total aphids ...... 20 18 37 I 63 5 47 


The population on Latham increased to 4 adults and 53 nymphs by August 21. 


Summary or Taste VIII 


1928 Herbert Latham 
Yr Tuly 30 20 adults 20 adults 
i Aug. 2 14 adults and nymphs 55 adults and nymphs 
S70: I nymph 64 adults and nymphs 
ee aS to) 52 adults and nymphs 


57 adults and nymphs 


21 oO 


22 MINNESOTA TECHNICAL BULLETIN 61 


GaAs a4 Ryn pss 
4F0 


250 


Masts ew 


Populatcon 
n 
$ 


sol 


° ; 
a 1p we 20 2g 30 17 bo Days 


Fig. 2. Population of A. rwbi on Three Varieties in Separate Containers (Table VII) 


Experiments were made under conditions less favorable to the aphid. 
Each aphid was confined in a glass cage. These cages were obtained 
through the courtesy of Dr. Walter Carter, who used similar cages in 
sugar beet investigations. Each cage consists of a glass tube about 2 
inches long and less than an inch in diameter. Both ends are open, one 
end being flared for convenience in covering with cheese-cloth. A metal 
disk is held by a spring wire against the other end so that the cage 
may be clamped to a leaf. 

On July 30, 1928, twenty cages, each containing one adult rubi, were 
placed on young leaves of Herbert plants so that the aphids could feed 
on the underside of the leaves. The same number were placed on 
Latham plants. The aphids in these cages were counted at various 
times, as given in Table VIII. The aphids placed on Herbert failed to 
‘maintain themselves and were all dead after 16 days. Those on Latham 
increased to about three times their original number in three days and 
maintained this number for 22 days, when the experiment was dis- 
-continued. 

To check the data shown in Table VIII a similar experiment was 
started on September 19, using 10 cages on Herbert and to on Latham, 
with one adult rubi in each cage. The data obtained are given in 
Table IX showing rubi unable to maintain its population on Herbert. 
The Herbert plants used to obtain the data given in Tables V and VI’ 
-were used in this experiment. 


q 
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TABLE IX 
Decrease oF A. rubi on Hereert RASPBERRY WHEN CONFINED IN INDIVIDUAL CAGES 


1928 Herbert Latham 

Sept. 19 10 adults ro adults 

seh 5 adults ~ to adults 

Se ead 2 adults 12 adults and nymphs 
Oct 1 r adult 10 adults and nymphs 


Another experiment to check the data shown in Table VIII was 
started on August 11, 1928, using rubi nymphs two to three days old 
instead of adults. Fifteen cages were placed on Herbert and 15 on 
Latham, each containing one nymph. The data given in Table X again 
show that the aphids placed on Herbert were unable to maintain their 
population. The da‘a given in Tables VIII, IX, and X are shown in 
Figure 3. 

TABLE X 


Population oF A. yudi oN LatHam AND HERBERT RASPBERRY WHEN CONFINED IN 
InpivipuaL CacEs 


Aug. 21 
Cage Aug. 11 Aug, 13 Aug. 15 _ 
nymphs nymphs nymphs Adults Nymphs 
Herbert raspberry 
MRUOlaL Es ay enemy cxnielle (ets je 15 I {0} 
Total. aphids)... ... 2. 15 I 0) 
Latham raspberry 
REA ORES attarts Catoy weg ss eilu (vile <i'e> 5 fo) 
© clocb< boracnec aoe I I T o 
ie on POE CRI I I I 0 r) 
i} © ApS SRA eae I I I I 6 
De Satkre Sc asd.ci to SCR I leaf dead ne - : 
ho, Shag cane Soccer 1 1 I I g 
Se BS ee aoe eae I I ) Pp 
TQ Malis spores wsiejele 6 upc oe I 1 I (3) (eo) 
Sh Ochs Cah RON ae ae I 1 I 0 
1. rr ee ee a) I I I 6 
15 Bynes felianerevai's cece I I I 0 
wotalsaphids) .). sa)... 15 9 8 2 17 
1928 Herbert Latham 
MOM SRM ALIRE Matic e.'« e's, sho acs sneisinc ae 15 nymphs 15 nymphs 
WO SS I nymph 9 ni mphs 
ROM Pu) y uilals acolo o nymphs 8 nymphs 
eM ITMRY trey eic-2).c) sino, asap cies sphe o nymphs 19 adults and nymphs 


Possible Reasons for Resistance Shown by Herbert 
It has been shown that the Herbert variety exhibits a marked re- 
sistance to the raspberry aphid, Amphorophora rubi. Under field con- 
ditions in Minnesota during 1927 and 1928 it seemed unable to exist 
on the Herbert raspberry, only two being found on 700 leaves selected 
at random, altho similar counts showed large numbers of this species 
on several other varieties growing in adjoining rows. Experiments. 


\ 
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Fig. 3. Population of A. rubi on Herbert and Latham When Confined to Individual Cages 
(Tables VIII, IX, and X) 


with potted plants showed that under favorable conditions rubi will 
feed and live on the Herbert variety for several weeks, but is unable 
to maintain its population. When confined to individual cages the de- 
crease in population was very rapid. 

Two possible reasons are suggested to account for the resistance 
shown by this variety. First, that the leaf of the Herbert is more diffi- 
cult to penetrate than the leaves of other varieties used for comparison. 
Horsfall (1923) shows that the objective of the proboscis is always a 
vascular bundle and the tissue most commonly reached is the phloem, 
particularly the sieve tubes; also that the route followed by the pro- 
boscis indicates a trial and error method of reaching the bundle. 

To obtain evidence on the resistance to penetration, adults and 
nymphs of rubi were placed on the under side of leaves of Herbert 
and Latham, A careful study was made of the time required to as- 
sume what appeared to be a normal feeding position with the proboscis 
fully inserted. No difference in the average time could be noted, the 
proboscis being inserted with apparent ease on both varieties. At the 
same time several rubi were observed feeding on the upper surface of 
Herbert leaves. As the cuticle invariably is much thicker on the upper 
surface, this indicates that thickness of cuticle is not a limiting factor. 

Second, a difference in the food material is suggested to account for 
the resistance shown by the Herbert variety. It is possible that the food 
materials obtained from Herbert are less compatible to rubi than those 
from the other varieties used for comparison. 
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APHIDS RECORDED ON RUBUS ARRANGED UNDER 
THEIR HOST PLANT SPECIES 


In compiling this food plant list the writer has endeavored to include 
all species of Rubus that are definitely recorded in the literature of 
North America and Europe as host plants of aphids. Every effort has 
been made to apply the correct botanical name for each host plant. In 
some instances there is much confusion in published records concerning 
the host species. Citations to the literature from which these data were 
obtained are given under the species list of aphids on pages 4 to II. 


Several species mentioned in these pages are not included in this list as 


the data give reasonable assurance that these aphids do not live normally 
on Rubus sp. 

Three distinct groups of cultivated forms of the genus Rubus are 
recognized-—the raspberries, the blackberries, and the dewberries. 
Horticultural varieties of the raspberry grown in North America for 
their fruit are derived principally from three species, the common red 
raspberry, R. strigosus Michx.; the common black raspberry, R. occt- 
dentalis Linn.; and the European raspberry, R. idaeus Linn.; including 
hybrids of these species. Three other species are grown to a relatively 
slight extent—the wineberry, R. phoenicolasius Maxim.; the straw- 


berry raspberry, R. illecebrosus Focke; and the yellow Himalayan rasp- 


berry, R. ellipticus Smith. The first two are the only species native to 
North America, altho in places other species have escaped from cultiva- 
tion and become established. The blackberries and dewberries under 
cultivation are derived from a comparatively large number of species 
of Rubus and their hybrids. These fruits are not generally cultivated 
except in North America, and the horticultural varieties commonly 
grown are derived from American species. 


Raspberries 


R. idaeus Linn. European red raspberry 


Amphorophora rubi (Kalt.) Recorded in Europe 
Aphis idaei Van der Goot. Europe 

Macrosiphum poae (Macchiati). Europe 
Macrosiphum rubiellum Theobald. Europe 
Macrosiphum rubifolium Theobald. Europe 


_R. occidentalis Linn. American black raspberry, Thimbleberry 


ty 


Amphorophora rubi (Kalt.). North America 
Amphorophora rubicola (Oestlund). North America 
Amphorophora sensoriata Mason. North America 
Aphis rubicola Oestlund. North America 
Cerosipha rubifolu (Thomas). North America 

_ Pemphigus rubi Thomas? North America 


3 
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R. parviflorus Nutt. Salmonberry, Thimbleberry (syn. R. nutkanus 
Moc. ) ; 

Amphorophora davidsoni Mason. North America 
Amphorophora rubi (Kalt.).. North America 
Amphorophora rubicola (Oestlund). North America 

R. saxatilis Linn. Dwarf red raspberry 
Amphorophora rubi (Kalt.). Europe 

R. strigosus Michx.* Common (American) red raspberry 
Amphorophora rubi (Kalt.). North America 
Amphorophora rubicola (Oestlund). North America 
Amphorophora sensoriata Mason. North America 
Aphis rubicola Oestlund. North America 

Red Raspberry, American cultivated 
Amphorophora rubi (Kalt.). North America 
Amphorophora rubicola (Oestlund). North America 
Amphorophora sensoriata Mason. North America 
Aphis rubicola Oestlund. North America 

Raspberry (Rubus sp.) No other host data available. 
Amphorophora reticulata Mason. North America 

Salmonberry. (Probably R. spectabilis Pursh or R. parviflorus Nutt.) 
Amphorophora maxim Mason. North America 


Blackberries 


On account of the large number of species and hybrids involved in 
both the wild and cultivated blackberry, it is not possible to name the 
probable species when specific names are not stated by the collector. 
Hedrick (1925) describes 29 species of blackberry native to North 
America, including 4 species naturalized from Europe. He mentions 
8 species and their hybrids from which our horticultural varieties are 
derived. 

R. fruticosus Linn, European blackberry 

Amphorophora rubi (Kalt.). Europe 

Macrosiphum rubicllum Theobald. Europe 

Macrosiphum rubifolium Theobald. Europe 
Blackberry (Rubus sp.) No other host data available. 

Aphis rubicola Oestlund. North America 
Blackberry, American native 

Amphorophora rubi (Kalt.). North America 

Cerosipha rubifolii (Thomas). North America 
Blackberry, American cultivated 

Amphorophora rubi (Kalt.). North America 

Cerosipha rubifolii (Thomas). North America 


8 Hedrick (1925) considers R. strigosus a sub-species of R. idaeus. Rosendahl and 
Butters (1927) state that these are two distinct species. 


, 
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Dewberries 


Hedrick (1925) describes 18 species of dewberry native to North 
America including one species naturalized from Europe, and mentions 
6 species and their hybrids from which are derived the horticultural 
varieties cultivated for their fruit. Most of the northern dewberries 
.are derived from R. flagillaris including the variety Lucretia. 

R. caesius Linn. European dewberry  . 

Amphorophora ruli (Kalt.) Europe 
R. flagillaris Willd. Northern dewberry (syn. R. procumbens Muhl.) 

Amphorophora rubi (Kalt.). North America 
R. Loganbaccus Bailey. Loganberry 

Amphorophora rubi (Kalt.). North America 

Aphis rubicola Vestlund. North America 
R. villosus (Species uncertain, several synonyms ) 

Macrosiphum ambrosiae (Thomas)? North America 


Rubus Sp. 


Rubus. sp. No other host data available. 

Aphis mordwilkiana Dobr. Europe 
Rubus corylif olius 

Amphorophora rubi (Kalt.). Europe 
Rubus discolor 

Amphorophora rubi (Kalt.). Europe 


SUMMARY 


A brief account is given of the aphids found on the bramble fruits 
in North America and in Europe including their synonomy and host 
plants. Five species are found widely distributed in North America. 
Five additional species are recorded,-two of which are questionable 
records. Six species are found in Europe. Six other species are re- 
corded in Europe under circumstances indicating that the bramble 
fruits are not their normal host. Only one species is common to North 
America and Europe. 

Notes are given on the biology and morphology of three species of 
aphids common in Minnesota, Amphorophora rubi (Kaltenbach), 
_Amphorophora rubicola (Oestlund), and Aphis rubicola Oestlund. 
_ Eggs of A. rubi and Aphis rubicola have been collected, and these two. 
species have been followed on the raspberry throughout the year. 

A study was made of the distribution and movement of wingless. 
forms of A. rubi. It was found that this aphid may be carried on the 
clothes of persons from one raspberry planting to another and that: 
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distribution occurs within a planting when the foliage is disturbed by 
cultural operations and by digging of plants. It is shown that this 
aphid does not remain on leaves that have wilted. 

The Herbert raspberry exhibited a very marked resistance to A. rubi. 
Under favorable conditions, with its insect enemies removed, rubi will 
feed and live on the Herbert variety for several weeks but is unable 
to maintain its population. The population on check plants of other 
varieties invariably increased, often at a rapid rate. 

Under field conditions, rwbi seemed unable to exist on Herbert in 
the plantings where observations were made for two years, altho many 
were found on other varieties growing in adjoining rows. The pro- 
boscis of this aphid is inserted with apparent ease in the leaves of the 
Herbert variety, indicating that thickness of cuticle is not a limiting 
factor. 

A list is compiled of the aphids recorded on Rubus in North America 
and in Europe, arranged under their host plant species. 
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DAILY GROWTH OF THE OAT KERNEL AND 
EFFECT ON GERMINATION OF IMMA- 
TURITY AND CONTROLLED LOW 
TEMPERATURES’ 


Ernest Gorpon BootH 


INTRODUCTION 


The effect of temperatures of 32°F. (0°C.) or lower on the germi- 
nation of oats before the crop has matured, is a question of eco- 
nomic importance with the northward expansion of the oat-growing 
area. Regions having climatic conditions favorable to the development 
of the oat plant frequently have early fall frosts. Even in less north- 
erly latitudes, the oat crop, when of necessity sown late, is occasionally 
harvested in an immature condition after an early frost. Each year 
the seed laboratories test many samples of oats that are unfit for seed 
because of low viability. The cause of poor germination is uncertain, 
but it is frequently attributed to frost injury. 

In a study of the effect of freezing temperatures on germination 
three conditioning factors are to be considered, as follows: The actual 
temperatures, the duration of the exposure to low temperatures, and 
the stage of kernel development. Without doubt each of these factors 
has a contributing or counterbalancing effect. Immaturity may be as 
important as temperatures at or below 32°F. (0°C.) in lowering the 
average germination. 

It is also desirable to know the effect of low temperatures on dif- 
ferent varieties of oats throughout the period of kernel development 
or any part of it. 

In planning this investigation, consideration was given to each of 
these problems. The daily changes -in the development of the oat 
kernel? were observed and an effort was made to determine whether any 
critical period existed when the injury from exposure to low tempera- 
tures might be severe. Oat kernels in different stages of development 
were exposed to controlled temperatures both above and below 32° F. 
HoC.). 

A study of the daily growth of the oat kernel should also throw 
some light upon the question of when to cut the crop to obtain maxi- 
L mum yield and quality. These factors are closely related to the time 
E 1A thesis submitted to the faculty of the Graduate School of the University of Minnesota 
in partial fulfillment of the requirements for the degree of Doctor of Philosophy. Degree 


granted 1928. 
? The term ‘kernel’ is used to indicate the fertilized pistil during its development. 
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of harvesting and there is need for exact knowledge of the relation- 
ship existing between external and internal evidences of maturity. 
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REVIEW OF THE LITERATURE 


The development of wheat and barley kernels has been studied by 
European investigators, but these studies were prompted by a desire 
to learn more about the development of protein and starch in the 
caryopsis. Besides working with a different object in view, the climatic 
conditions under which the work was accomplished were very differ- 
ent, the growing season being much longer and the precipitation greater. 
As a result, the work of early European investigators apparently has 
little bearing upon the present problem. 

Johannsen (1884) studied the development of the barley kernel 
at three-day intervals. His work included a careful chemical and 
cytological study of development from blossoming time to maturity. 
Starch grains appeared very early in the development of the kernel. 

Schjerning (1906, 1914) made a detailed study of the protein at 
different stages of maturity in several varieties of barley. He con- 
cluded that environment was more effective than variety in deter- 
mining the total nitrogen content. In his studies, the growing period 
was divided into two stages—developmental and ripening. To quote 
his conclusions is illustrative. “At the close of the developmental 
period the barley grain has reached its maximum volume, at the end 
of the ripening period its highest amount of dry matter. At the mo- 
ment when the grain has reached the stage of full maturity we have 
(allowance being made for analytical errors) reached the maximum 
values for dry matter, ash, acid, and total insoluble nitrogen.” Over- 
ripening caused loss of these materials. ‘Yellow ripeness’? was his 
measure of maturity. 

Brenchley (1912) and Brenchley and Hall (1909) studied the 
development of barley and wheat at three-day intervals. In barley, 
nitrogen and ash increased steadily until ripening began. Nitrogen 
then increased and ash decreased. The dry weight increased uniformly 
during the developmental stage. During this period, the water content 
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of the kernels in both crops was also similar. The nitrogen, content 
varied slightly in different stages. Brenchley concluded that the pro- 
gressive changes in the two grains are parallel, tho varying in detail. 
The prolonged ripening period of barley, during which maturation 
changes occurred, was held to be the chief difference. A comparison 
of the changes in the cell in both wheat and barley showed the course 
of the phenomena to be exactly similar. The cells in the flanks showed 
the first infiltration of starch and disorganization of the protoplasm. The 
sub-aleurone and furrow cells showed the last changes. 

Thatcher (1913, 1915) harvested spikes of three varieties of spring 
wheat at three-day intervals. The spikes were tagged when the largest 
proportion of them showed anthers protruding from the central spike- 
lets. The percentage of protein in the dry matter decreased slightly 
until the milk stage, then increased to maturity. The mature samples 
contained more protein than the very immature ones. The actual 
quantity of each material except sugars increased with each period of 
harvest. The carbohydrate-protein ratio diminished with the succes- 
sive harvests. 

Kedzie (1880, 1881, 1893), as early as 1879, working in Michigan, 
studied the daily development of the wheat kernel. Measurable growth 
occurred in each twenty-four hour period. Just after flowering, the 
ash content was 4.72 per cent of the dry matter. When the first starch 
grains appeared, on the seventh day, the percentage of ash was reduced 
to 3.42, and on the twenty-seventh day, when the kernels were becom- 
ing hard and flinty, it was 2.13. The crude protein content for the 
same days was 30.22, 22.76, and 11.69 per cent, respectively. 

The daily increment of dry matter was rapid and, in effect, a 
straight line increase until about the twelfth day. From this period 
until near maturity the increase in dry matter was slow. A loss was 
noticeable after the kernels were hard. 

Harlan (1920) studied the kernel development of Hannchen barley. 
He made daily physical measurements at twelve-hour intervals. Meas- 
urable growth occurred during these periods. Development was very 
rapid just after pollination and length growth was completed by the 
seventh day. The increase in width then became rapid for a short 
time. The kernel continued to increase in thickness steadily until near 
maturity. The increase in dry matter and the decrease in the per- 
centage of water were uniform until the kernels were ripe. The 


. . 
ash content varied from 8.96 per cent of the dry matter during the 
- first few days to less than 2 per cent when the grain was mature. 


_ There was a variation in nitrogen from 4.45 per cent of the dry mat- 
ter to about 2 per cent in the same direction as the ash. 
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The same author (1923) found that the laying down of dry matter 
ceased when the average moisture content for all the kernels of a 
spike was about 42 per cent. There was also a decrease in physical 
measurements toward the end of the maturation period. 

Dillman (1928) studied the daily development of flax seeds. Daily 
physical measurements were recorded and samples were analyzed to 
determine when the oil was laid down. Growth was rapid and uni- 
form up to the thirteenth day, when maximum size was attained. All 
three dimensions increased during this time. During the ripening 
period there was a decrease in size. The green weight also approached 
its maximum in the same period but, unlike the cereals, did not begin 
to decrease until after the twenty-second day. The increase in dry 
weight was slow during the first few days, then slightly more rapid 
and uniform until the end of the developmental period. The moisture 
percentage started at 85 and did not begin to decrease until after the 
eighth day. The decline was then uniform. 

Oil first appeared between the fourth and sixth days. The quan- 
tity increased rapidly until the eighteenth day, then slowly until the 
thirtieth day. The amount of oil increased after the percentage was 
stationary. 

The developmental period extended over about thirty days, but 
the flax was not considered ripe until the thirty-ninth or fortieth day 
after pollination. 

Controlled experiments to determine the effect of temperatures of 
32°F. (0°C.) or lower upon germination have been difficult to per- 
form until recent years. The lack of suitable laboratory equipment 
and the uncertainty of climatic conditions favoring such experiments 
have limited the number of attempts to study the effect of frost injury 
on germination. Fryer (1919) planted oats at weekly intervals in 
the spring to obtain samples in different stages of maturity at the 
time frosts occurred in the fall. He found that 2.3 degrees, 29.7°F. 
(—1.3°C.) of frest (presumably Fahrenheit degrees) did not reduce 
the vitality of samples ranging in development from very early milk 
to dough. Similarly, 4.6 degrees, 27.4°F. (—2.6°C.), did not injure 
samples in the milk stage to the mealy dry stage. Samples in the 
dough to the mealy dry stage were not injured by 5 to 8 degrees, 
27° to 24°F. (—2.7° to —4.4°C.), but those in milk to dough stages 
were considered injured. The twelve-day germination of the latter 
group was reported as 76 to 92 per cent before freezing and three 
days later after two frosts, one of 5 degrees, 27°F. (—2.7°C.) and 


the other of 8 degrees, 24°F. (—4.4°C.), the germination rangedam 
from 45 to 61 per cent. The duration of the temperatures of 32°F. 


or below, the dry matter content, and the number of samples averaged 


= 
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to obtain each germination report were not given. Registered Banner 
oats were used in the experiment. In most cases the very immature 
samples had a slightly lower germination than the more mature sam- 
ples. This was apparently not consistent enough, or of a sufficient 
degree, to be commented upon by the author. The same author (1921) 
at a later time planted oats at different periods in the spring and 
succeeded in getting two samples in the late dough stage frozen at 
different temperatures. One sample was subjected to a temperature 
of 23.5° F. (—4.8° C.) and the other to the same temperature and 
also to temperatures of 19° F. (—7.2° C.) and 30° F. (—1.1° C.) on 
succeeding nights. The duration of the periods at these tempera- 
tures was not given or any of the details regarding the germination 
tests. The final germination of these samples was reported as follows: 
check, not frosted, 97 per cent; 23.5° F. (—4.8°C.), 81 per cent; 
eee 4.7 ©), 19 FF. (—7.2° C.) and 30° F. (—1.1° C.), 61 per 
cent. He found that freezing tended to fix the greenish color, par- 
ticularly at the germ end, if the oats were very immature. Presum- 
ably this refers to the remaining floral parts, including the lemma 
and palea. Brittleriess was increased and the interior of the endosperm 
was frequently darkened as well as the strand of tissue that traverses 
the bottom of the groove. 

Johnson and Whitcomb (1927) reported that immature wheat 
kernels were injured by temperatures of 32°F. (0°C.) or below. 
The effect of immaturity was apparently not included in the study. 
Both field frosts and a controlled temperature of 27° F. (—2.7° C.) 
for twenty-four hours were included in the tests. With these tem- 
peratures, there was enough injury in a few samples to reduce the 
germination materially. They found germination of four frosted sam- 
ples to be decidedly lower in the field than in the laboratory. 

Kiesselbach and Ratcliff (1920) found that freezing immature or 
moist corn discolored the embryo. When the moisture content was 
above normal, the germination was injured in proportion to the per- 
centage of moisture and the duration of the frost. 

In recent years there has been a tendency to question whether the 
laboratory test is an adequate gauge of the field germination. Whit- 
comb (1924) found that over a four-year period the field germination 


of 164 samples of oats averaged 15 per cent less than the most favor- 
‘able laboratory germination. The average germination of 641 sam- 


ples of wheat was 20 per cent lower in the field. Ten kinds of agri- 
cultural seeds were included in this test and 1,298 samples were germi- 
nated during the four years, in both the laboratory and the field. The 
average germination was 24 per cent lower in the field than in the 
laboratory. It is interesting to note that in three out of four vears 


_ field peas germinated at a higher rate in the field. 
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Wright (1921) found that oats germinating between 70 and 100 
per cent in the laboratory showed an average of 10 per cent less in 
the field. When the laboratory germination was below 65 per cent, 
the field germination averaged 21 per cent lower. Other field-crop 
seeds showed a similar tendency. The difference be:ween laboratory 
and field germination tests was more pronounced with the smaller 
seeds. 

Several investigators have noticed the lack of vigor in young 
plants produced from seeds that were harvested before they were nor- 
mally ripe. Crozier (1895) germinated wheat harvested in the milk, 
dough, yellow ripe, and dead ripe stages. The seeds harvested in 
the milk stage germinated the most rapidly. These seedlings were 
feeble and pale and were soon passed in growth by those from more 
mature seeds. Seeds harvested in the yellow ripe stage germinated most 
vigorously. Harlan (1922, 1926) found that barley kernels harvested 
five and six days after pollination would germinate. The seedlings 
were much less vigorous and, when transplanted, produced plants 
that were less robust than those from mature kernels. Methods of 
drying the immature seeds materially affected the development of both 
the endosperm and the embryo. When the kernels remained in the 
spike and it was not allowed to become dry, the endosperm and the 
embryo continued to develop for at least eight days. There was less 
development when the kernels were air-dried in the lemma and palea, 
whether they remained in the head or were detached. The embryos 
of immature kernels from which the lemma and palea had been re- 
moved did not develop further unless the kernels were kept moist. 

Alberts (1926) obtained weak plants on germinating corn harvested 
in an early stage of development. Seeds gathered in the milk stage 
germinated poorly and showed weak sprouts. When harvested in the 
late milk stage there was a decided improvement, but the germination 
was still unsatisfactory and the seedlings were weak. Seeds harvested 
in the dough stage germinated satisfactorily and produced strong 
seedlings. 

Kiesselbach and Ratcliff (1920) found that delaying the harvesting 
of corn until the kernels reached the late dough stage increased the 
percentage of germination. 


PROGRESSIVE DEVELOPMENT OF THE OAT KERNEL 


It seemed logical in attacking the problem in hand to study the 
development of the oat kernel first. With this information in mind, 
it should be easier to interpret the results ob‘ained in later studies. 


DAIEY GROWTH OF THE OAT KERNEL 9 


Materials and Methods 


Gopher oats, Minnesota No. 674, developed and grown at Uni- 
versity Farm, St. Paul, was used for the study. A typical panicle of 
this early, high yielding variety of white oats is shown on the left 
in Figure 1. 

The seed for the experiment was planted with the grain drill on 
one of the regular experimental plots on April 20, 1926. The soil is 
classified as Hempstead silt loam and consists of black loam underlaid 
with a small amount of clay which merges into sand and gravel at 8 
to 10 feet. 


Fig. 1. Panicles of Gopher Oats 


Left. Typical Panicle 
Right. Panicle of Gopher Oats with the Spikelets Discarded in the Daily Studies Removed 


The spring and early summer were unusually dry, with practically 
no rainfall during April, May, and the first ten days of June. A 
comparison of the precipitation and temperature during this period 
with past averages is included in Table I. While the precipitation 
was much less, the mean temperature did not vary greatly from the 
long-time average for the respective months. 

As a result of the lack of moisture during early growth, the oats 
headed out with shorter straw than usual, the height being 24 inches 
as compared to the usual length of about 30 inches. The yield was 
34.1 bushels as compared to the seven-year average of 58.5 bushels 
per acre. Timely rains in June caused normal growth and filling of 
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the kernels from before heading until harvest. Despite adverse con- 
ditions during early growth, the stand was fairly uniform at heading 
time. 


TABLE I 


Dairy WEATHER OBSERVATIONS DurRING KERNEL DEVELOPMENT, JUNE 29 TO JULY 24, AND 
Montuiy AverRAGES, AT ST. Pau, 1926 


Maximum 


Date Precipitation, in. temperature, ° F. a.m. p.m. 
June 29 nly 85 Cool and cloudy Clear 
30 ial 80 Cool Cool 
July 1 0.56 73 Rain, clouds Cloud., sultry 
2 2 79 Cloudy, cool Clouds, sultry 
3 tg 82 Clear, cool Clear, warm 
4 0.06 79 Cloudy, cool Cloudy, showers 
5 Raye 82 Clear, warm Clear, warm 
6 88 Clear, warm Clear, hot 
7 Sats 86 Clear, warm Clear, hot 
8 al 90 Cloudy Clear, sultry 
9 0.25 78 Cloudy, cool Cloudy, cool 
10 te 73 Clear, cold Cloudy, cool 
TI Tr 80 Clear, cool Cloudy, cool 
12 Bhs 68 Clear, cool Clear, cool 
13 Riess 73 Clear, cool Clear, cool 
14 ets 77 Clear, warm Clear, cool 
15 Ae 5 Cool Hot, high wind 
16 rae 98 Clear, warm Clear, hot, breezy 
ry ah 86 Clear, warm Clear, warm 
18 aly 94 Clear, cool Clear, hot, breezy 
19 0.03 89 Cloudy, sultry Clear, hot 
20 0.47 99 Cloudy, sultry Clear, sultry 
21 0.41 73 Cloudy, cool Clear, cool 
22 0.02 79 Clear, warm Cloudy, cool 
23 0.15 73 Cloudy; cook ~~ eisaeeternes 
24 0.26 69 Cloudy, warm | Geeta 
Precipitation Maximum temperature, ° F. 
April May June July April May June July 
Total 0.53 1.3% 3.65 2.92 43.8 61.4 63.7; 7X Mean 
Normal 2.33 3.62 4.41 3.40 45.6 56.4 67.1 72. Normal 


The first heading occurred on June 27 and apical spikelets were 
visible on about one per cent of the panicles on June 29, when the 
first tagging was done. By previous observation it was determined 
that the florets of the apical spikelets in different panicles were at a 
uniform stage of development when first appearing out of the sheath. 
Accordingly, this was taken as a basic stage in development and several 
hundred such panicles were tagged on June 29. Panicles in the same 
stage of development were tagged on June 30, July 2 and 3. The 
tagging was done with short lengths of colored yarn to distinguish 
between the plants that represented twenty-four-hour periods in de- 
velopment. More than eight hundred panicles were tagged for the 
study. 

Observations on oats sown at an earlier date in the same year 
indicated that there was a considerable lapse of time between the — 
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pollination of the upper and lower spikelets in the panicle. To obtain 
a group of kernels that were in a similar stage of development in 
the same panicle it was necessary to remove the apical spikelet and 
all the spikelets of the lower whorl. In addition, the spikelet with 
the shortest pedicel in the middle whorl was removed, as shown in 
Figure 1. The secondary floret in each spikelet was later in fertilizing 
than the primary floret and a further distinction was made by using 
only primary florets. 

As soon as general pollination of the florets used in this study 
had taken place, samples were gathered from different parts of the 
plot each morning at about seven o’clock. The tagged plants were 
pulled with the roots attached and were wrapped in a damp cloth 
before they were removed from the field. The first operation in the 
laboratory was to remove the overmature and undermature kernels, 
as illustrated on the right in Figure 1 and previously discussed. 

The sample gathered each day was divided into two portions. One 
part was used to determine the physical measurements, dry matter, 
and ash. This sample consisted of twenty kernels selected from three 
or four panicles. To minimize drying after removing the flowering 
glumes, with a consequent change in size, the work was done rapidly. 
In each case groups of five kernels were used. In the regular procedure 
the hulls from one group were quickly removed and the kernels 
placed on a glass slide. By drawing the glass under the lens of a 
‘high-power binocular fitted with a measuring eye-piece, the length and 
width could be recorded at once. The kernels were then placed on 
edge with a dissecting needle to determine the thickness. Measure- 
ing the four groups required about twenty minutes, and as soon as 
the measuring of each group was completed, the kernels were placed 
in a covered weighing bottle. The green weight of the twenty ker- 
nels was next determined, and immediately afterward the sample was 
placed in a drying oven for twenty-four hours at 204.8°F. (96°C.). 
After weighing and checking the dry weight, the same twenty kernels 
were used in determining the ash content. 

The other part of the sample gathered each day was set aside to 
be used in determining the nitrogen content. To obtain a large enough 
sample for chemical analysis, it was necessary to use six panicles. 
The spikelets were stripped from these panicles and dried for one 
hour at 204.8°F. (96°C.). The daily samples were then placed in 
paper envelopes and stored in a metal box until analyzed. 

Daily weather observations were made from June 29 to July 24. 
During this period, the precipitation was slightly below normal. There 
were severai heavy rains and periods of intense heat. Responses to 
these occurrences could be readily noted in the daily studies. 
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Table I indicates that during July, when daily samples were being 
gathered, the to’al precipitation was 2.92 inches. The average July 
precipitation for several years is 3.40 inches. The mean temperature 
for the month was 71.8°F. (22.1°C.) as compared to a past average 
of 72.1°F. (22.3°C.). These records indicate that the weather dur- 
ing July was nearly representative. 

Confusion exists in the literature as to the meaning of such terms 
as “developmental period,” “maturity,” and “ripe.’ In this paper, 
the first term is used to designate the period during which rapid growth 
changes are taking place in the kernel. Following the developmental 
stage, there is a period of ripening. The term “mature” is used to 
indicate the time at which harvesting would ordinarily take place. Such 
expressions as “ripe” and “yellow ripe” are used with the same mean- 
ing as the word “mature” and mean the accepted time of harvesting 
as previously expressed. In the discussion that follows, the term 
“width” has been used to express the lateral measurement of the 
kernel; the word “thickness,” to designate the dorso-ventral meas- 
urement. There is also frequent reference to pollination in the floret. 
When the anther sacs become ripe they break open and deposit pollen 
on the stigmatic surfaces. The time during which the pollen is de- 
posited is referred to as the period of pollination. 


Detailed Study of Pollination in Florets of the Same Panicle 

The difference in time of pollination within the panicle observed 
while examining oats seeded at an earlier date prompted a more com- 
plete study of pollination by using some of the tagged plants. Obser- 
vations on the panicles tagged June 29 showed that during the first 
day from three to five of the spikelets emerged from the boot. The 
stamens, style branches, and ovaries in all these spikelets were very 
immature, being greatly compressed and firm. The next day the 
panicles were about two-thirds emerged from the boot and the apical 
primary floret had pollinated. A few withered anthers were also 
visible, indicating that the lemma and palea had opened slightly. On 
July 1 the panicles were just clear of the sheath. The weather turned 
cool at this time and apparently little or no further change occurred 
until July 3, when the majority of the florets shown in the panicle 
on the right in Figure 1 pollinated. 

Pollination in the floiets could be detected by the behavior of the 
style branches. Within a few hours after the pollen was deposited 
upon the stigmatic surfaces, the style branches curved inward at the 
apex. The stigmatic surfaces were, therefore, soon pressed firmly, 
together, as indicated in Figure 2. For convenience in identification, 
those in the vertical series in Figure 2 have been numbered 1 to 5, 


and those in the horizontal series 6 to 11, inclusive. At the intersec- 
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Fig. 2. Relative Stages of Development in the Same Panicle 


The photograph was taken three days after general pollination of florets in the upper 
and middle whorls. The kernels from a complete panicle, as shown on the left in Figure 1, 
are included in this illustration. The series marked A are primary kernels and those marked 
B are the secondary kernels from the same spikelet. Starting at the upper left-hand corner 
and reading from left to right, the series A’, A’’, A’’’ represent the order of arrangement of 
kernels in the panicle from the apex downward. 


tion point of vertical series 4 and horizontal series 8, two styles are 
just converging. The pistil immediately above it, 4-9, was pollinated 
some hours earlier, and the stigmatic surfaces are pressed past each 
other; 5-9 is still unpollinated. About twenty-four hours after polli- 
nation the style branches withered slightly, as shown in 5-10, and were 
dry and brown at forty-eight hours, as shown in 3-7 and 4-7. These 
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photographs show clearly that pollination took place in the sec- 
ondary florets twenty-four to seventy-two hours later than in the 
primary florets. This can be observed by referring to specific primary 
florets and the secondary florets of the same spikelets. In Figure 2 
kernel 5-10 is the secondary and 5-11 the primary kernel in the same 
spikelet with 5-10 about forty-eight hours behind 5-11. Kernel 2-6 
is also about forty-eight hours behind its primary kernel 2-7. 

The first pollination in the apical spikelets occurred on June 30. 
Pollination of the florets in the lower whorl began on July 4 and the 
process continued progressively downward until July 8, when it was. 
complete. Pollination, therefore, extended over a period of eight days. 
Harlan (1926) observed that barley florets located in the middle of 
the spike were the first to pollinate. Later pollination occurred in 
both directions from the middle. 

Figure 2 illustrates the range of maturity in a representative panicle 
three days after pollination of the florets giving rise to the kernels 
used in this study, and in Figure 3 is brought out the range of ma- 
turity of the kernels in another representative panicle at nine days. 
In Figure 2 kernel 1-11, which was produced by the apical primary 
floret, is nearly full length; the stigmatic surfaces of 5-6, a secondary 
floret, in the lower whorl, have not been pollinated. The relative 
uniformity of the kernels used in this study during their early develop- 
ment is also illustrated in Figures 2 and 3. In Figure 2 kernels 2-11, 
3-11, 4-II, 5-11, 1-9, and 2-9 represent the group studied. In Figure 3, 
the kernels included in this group are numbered 2-11, 3-11, 4-II, 1-9, 
and 2-9. Altho there is considerable difference in length, the withered 
style branches attached to the kernels mentioned, particularly those 
in Figure 2, indicate that the florets were pollinated at approximately 
the same time. The uneven development in length was not very notice- 
able after the first few days. 


Changes in Physical Measurements 


The length, width, and thickness of the twenty kernels from which 
the hulls had been removed were each averaged and are reported in 
Table II. 

Length.—The length measurements given in Table II show the 
daily range in twenty kernels. These differences are considerable and 
may be due to time of pollination or growth rate. After the early 
rapid growth period, there was a tendency to smooth out these irreg- 
ularities. 

During the first six days there was a rapid increase in length, the 


kernels developing 82.3 per cent of the maximum length reached on ' 


the fifteenth day. The mean length increased slowly from the sixth to 
the fifteenth day, but many of the kernels had reached full length by 
the tenth and eleventh days. 


Fig. 3. Relative Stages of Development in the Same Panicle 


The photograph was taken nine days after general pollination of the kernels in the upper 
and middle whorls. The kernels from a complete panicle, as shown on the left in Figure 1, 
are included in this illustration. The series marked A are from primary florets and those 
marked B are the secondary florets from the same spikelet. Starting at the upper left-hand 
corner and reading from left to right, the series A’, A’’, A’’’ represent the order of arrange- 
ment of kernels in the panicle frem the apex downward. 
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Fig. 4. Appearance of Kernels During Development 


The number indicates the days after pollination. 


Maximum development in length was reached on the fifteenth day 
and thereafter there was a tendency to decrease in length as the per- 
centage of dry matter increased and ripening progressed. In the last 
sample harvested the kernels averaged only 94.4 per cent of the maxi- 
mum length. The rapid falling away in length between the fifteenth 
and sixteenth days was due to extreme desiccation caused by three 
very warm days preceding this date. There was a tendency to re- 
establish the length after rains, which occurred on three days follow- 
ing the warm weather. 
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The mean daily increase in length as shown in Table II is presented 
graphically in Figure 5. 

Width and thickness.—In the early stages of development, the 
germ end of the kernel was partly obscured by a dense growth of 
fine hairs (Fig. 4, kernels 1, 2, and 3). This did not interfere with 
measuring the length, but the width and thickness could be measured 
during the first few days only by including the hairs. After the sec- 
ond or third day this difficulty did not exist, because the growth in 
length spread the hairs over a greater area, making the surface vis- 
ible. All measurements were made at the widest point. During early 
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Fig. 5. Daily Growth Change in Length, Width, and Thickness from the Day After Pollina— 
tion Until Maturity 


growth, the brush end was somewhat truncate and the widest part 
was near this end. As the length increased, the brush end tapered 
and the widest part of the kernel approached the middle. 

A study of the development in width shows that there was a rapid 
increase during the first three days, approximately 86 per cent of 
the growth in width being completed during this period. The daily 
means are given in Table II and illustrated graphically in Figure 5. 
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From the third to the eighth day after pollination, little change in 
measurement was recorded. Beginning with the eighth day, there was 
a second period of expansion up to the twelfth day, when maximum 
width was reached. 

The width of a few kernels was noticeably affected by the heat 
from the thirteenth to the fifteenth day. On the second warm day, 
desiccation had progressed to the point of drawing in the side walls. 
The damp weather following the warm period did not re-establish 
the width of these kernels. 

As the caryopses increased in dry matter toward the end of the 
developmental period, the width decreased. At the time the crop was 
considered ripe, the width was only 86.6 per cent of the twelfth-day 
average. With delayed harvesting, there was a further decrease in 
four days to 77.3 per cent of the maximum. 

The figures indicating the mean daily trend in thickness are con- 
tained in Table II and graphically illustrated in Figure 5. Length 
and width increased most rapidly during the early part of the develop- 
mental stage. The increase in thickness, however, con‘inued gradually 
up to the eleventh day, when 98.0 per cent of the final thickness was 
reached. Maximum thickness was recorded on the thirteenth day, 
with a sharp decline immediately following. The rapid falling off 
was in part due to kernels that were injured by heat on July 16. This 
was a very warm day and the sample gathered on the fourteenth day 
after pollination, July 17, showed the effect of the previous day’s heat, 
as indicated by the measurements in Table II. A few of the kernels 
were distinctly flattened and the average thickness was lowered. While 
this affected some of the kernels, the majority had so nearly reached 
the ripe stage that the heat is thought not to have materially affected 
any of the results, as immature kernels were injured most severely. 
In addition to flattening, the kernels wrinkled and creased deeply and 
became firm and brittle. This is an indication that one might expect 
a decrease in yield if heat occurs during the early developmental stage. 
The more immature kernels in the lower whorls showed greater injury. 

During the damp weather following the warm period, there was 
a tendency for the kernels with wrinkles to fill out, until finally most 
of them presented an appearance difficult to differen‘iate from natural 
ripening. The final appearance of a few kernels not thicker than the 
average during the first few days after pollination indicated that, in 
all probability, they did not recover from the premature desiccation. 


Changes Within the Kernels 


From the standpoint of knowing when to cut the crop for maxi- 
mum yield and quality, it is desirable to understand the changes in 
green and dry weight, ash, and nitrogen content. 
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Green weight.—Each sample of twenty kernels was weighed im- 
mediately after the physical measurements were determined. ‘The 
daily weights are given in Table III, column 2, and the trend is illus- 
trated graphically in Figure 6. During the first eleven days, the green 
weight of twenty kernels increased rapidly, with an average daily in- 
crement of 0.0543 gram. The graph indicates that this was practically 
a straight-line increase. Maximum green weight was reached on the 
thirteenth day and after the fifteenth day there was a pronounced 
decline. 
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Fig. 6. Daily Green (Wet) and Dry Weights of Twenty Kernels After Removal of Hulls, 
from the Day After Pollination Until Maturity 


Dry matter.—The actual dry matter content of the kernels in- 
creased uniformly up to the fifteenth day after pollination. At this 
time, twenty kernels, with the hulls removed, contained 0.3882 gram 
of dry matter. The final dry weight, on the nineteenth day, was 
0.3994 gram. The actual dry weight should not be confused with the 
percentage of dry matter. During the ripening period, moisture was 
lost rapidly, and as a result the percentage of dry matter increased 
after the actual accumulation of dry matter ceased. The figures in 
Table III indicate this clearly. In column 3 the actual dry weights 
are given; in column 5, the percentage of dry matter for the same day. 
From the seventeenth to the eighteenth day, the actual amount of dry 
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matter decreased slightly, but the percentage increased from 72.52 to 
79.98 on the eighteenth day. On the nineteenth day the dry matter 
content was 76.71 per cent; on the following days it was 79.9 and 78.51 
per cent, respectively. The changes in green and dry weight are 
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Fig. 7. Daily Weight of Nitrogen and Ash in Twenty Primary Kernels of Gopher Oats with 
the Hulls Removed, from the Day After Pollination Until Maturity 


illustrated graphically in Figure 6. The increase in dry matter was 
slow during the first five days but rapid from the fifth to the fifteenth 
day. After the fifteenth day, when the first ripe kernels were noted 
within the group used in this study, the total dry matter content re- 
mained nearly constant up to the twentieth day, when there was a 
tendency to decrease 8.3 per cent of the maximum amount with delayed 
harvesting. Harlan (8) and Kedzie (17) found a similar, tho longer, 
trend in the increment of dry matter in barley and wheat. 

Ash content.—Ash was stored slowly during the first five days | 
and then very rapidly until the twelfth day. The daily content of 
twenty kernels with the hulls removed is given in Table III, column 7, 
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and graphed in Figure 7. On the fifth day there was 0.00125 gram 
in twenty kernels. This had increased to 0.0090 gram on the twelfth 
day, the increase per day being fairly uniform. There was a slight 
increase during the ripening period and no tendency for the amount 
of ash to decrease with delayed harvesting. 
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Tig. 8. Daily Change in Nitrogen and Ash Content Expressed in per Cent of Dry Matter 


The proportion of ash expressed on a percentage basis was rela- 
tively high during the first few days after pollination, as illustrated 
graphically in Figure 8. The highest percentage was recorded on the 
second day. The proportion of ash remained high until the kernels 
reached the dough stage. There was 2.37 per cent of ash at the 
normal harvesting period. 

Nitrogen content.—The problem of determining the total nitro- 
gen in the first samples obtained was difficult. The dried kernels were 
extremely small and many were required for analysis. Each day’s 
sample contained about fifty kernels, from which the hulls were removed 
at the time of analyzing. The weight of the air-dried kernels with 
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the hulls removed was ascertained and then the actual nitrogen in the 
given weight was determined. The weight of kernels with hulls re- 
moved is given in Table III, column 9. Fine sand was mixed with 
the samples before grinding and the nitrogen content was determined 
by the Kjeldahl method. The values given may be regarded only as 
close approximations, owing to the large error involved in making the 
chemical determinations on relatively small samples. The size of the 
samples increased from 0.075 gram in the first few days to 1.5934 
grams when the kernels were mature. 

The nitrogen percentage of each dry weight is given in column 10 
and graphed in Figure 8. The air-dried sample two days after pollina- 
tion contained 9.33 per cent of nitrogen and at the normal harvesting 
period, 2.96 per cent. 

To determine the location of the line in Figure 7 that indicates 
the trend in nitrogen content, the dry weight of twenty kernels with 
the hulls removed was multiplied by the percentage of nitrogen in 
the larger sample for the respective day. The graph, therefore, rep- 
resents the calculated content of nitrogen in twenty kernels. The actual 
quantity found in the first few days was only a fraction of the total 
amount laid down. The increase was very rapid and fairly regular 
from the first to the tenth day. From the thirteenth to the sixteenth 
day a further increase in nitrogen is indicated, and after this date some 
loss with delayed harvesting. 


Relationship Between External and Internal Characters 

A detailed study of the relationship between external appearance 
and internal development was not a part of this investigation but 
careful notes on the changes in the appearance of kernel and floral parts 
were recorded. These observations are given along with the labora- 
tory determinations to illustrate the relationship between internal and 
external evidences of maturity. The following is a brief summary of 
the field notes and laboratory determinations. The laboratory data on 
which the summary is based are included in Tables II and III and 
illustrated in Figures 2 to 8. 

One day after general pollination of the kernels used in this study 
and four days after pollination in the apical spikelet: Pollination in- 
complete in the lower whorl. No marked change in the size of the 
ovary since previous day. 

Two days: Marked increases in physical measurements, in green 
weight, and in nitrogen and ash content. Time of maximum percentage 
of nitrogen and ash. 

Three days: Very rapid increases in length, width, green and dry ' 
weight, and in ash content. Marked falling off in the percentage of 
nitrogen and ash. 
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Four days: Pollination incomplete in lower whorl. Rapid increase 
in length, thickness, green and dry weight, and in nitrogen content. 
Slow gains in width and in ash content. Low point in percentage 
of ash. 

Five days: Pollination complete in all florets of lower whorl. First 
trace of milky color in the endosperm of kernels in middle whorl. 
Rapid increases in length and in nitrogen content. Slow gains in 
width, green and dry weight, and in ash content. 

Six days: End of the period of rapid increase in length. Rapid 
gains continued in thickness, green and dry weight, and in nitrogen 
and ash content. Percentage of ash established as at maturity. Width 
not increasing. 

Seven days: Slow increase in length. No change in width. Marked 
increases in thickness, green and dry weight, and in nitrogen and ash 
content. ; 

Bight days: Marked increases in length, thickness, green and dry 
weight, and in nitrogen and ash content. First trace of yellow in the 
pericarp. 

Nine days: Slow gain in length. Rapid gains in width, thickness, 
green and dry weight, and in nitrogen and ash content. Distinct yellow- 
ing of kernels. Pericarp could be peeled free from seed. Late milk 
stage. 

Ten days: Slow gains in length and width. Rapid gains in thick- 
ness, green and dry weight, and in nitrogen and ash content. Last 
date on which there was a high percentage of nitrogen. First trace 
of yellow in the glumes of the apical spikelets. 

Eleven days: Slow gains in length, thickness, and width. Rapid 
gains in green and dry weight and in ash content. Percentage of 
nitrogen established as at maturity. Early dough stage. Lower leaves 
browning off. A few kernels showed a distinct amber color. 

Twelve days: No gains in length or thickness. Maximum width 
attained. Temporary decline in green and dry weight. Upper spike- 
lets showing a straw color. The stems were also distinctly lighter 
in color. 

Thirteen days: First decided appearance of ripening in spikelets. 
Maximum thickness and green weight. Gains in length and dry matter. 
Beginning of decline in width. Kernels in dough stage, most of them 
amber color. 

Fourteen days: Decline in width, thickness, and green and dry 
weight. Slight gain in length. Some kernels shriveled by heat. Ker- 
nels of middle whorl in late to hard dough stage. Apical kernels ripe. 
Kernels of lower whorl in late milk stage. 

Fifteen days: Maximum length reached. Rapid decline in green 
weight after this time with no material increase in dry matter. A 
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few of the glumes in the apical spikelets completely straw color with 
some of the glumes of spikelets in the middle whorl about half turned. 
First ripe kernels in middle whorl. 

Sixteen days: Late to hard dough stage. Maximum nitrogen con- 
tent with no material change in ash content after this date. A rather 
steady decline in physical measurements and green weight after this 
time. With the exception of an occasional light green glume, about 
50 per cent of each glume surface of the spikelets used in this study 
was straw color. 

Seventeen days: First noticeable hardening of lemma and _ palea. 
Ordinary harvesting period. Moisture content of primary kernels of 
the group studied, 27.48 per cent. A few of the kernels in the lower 
whorl still in dough stage. Slight increase in dry weight. 

Eighteen days: Endosperm of all primary kernels mealy. Moisture 
content of the primary kernels of the group studied, 20.02 per cent. 
In the lower whorls, glume surface still 25 to 50 per cent green, the 
palea having a green edge. 

Nineteen days: Maximum actual dry weight and a decline with 
further ripening after this date. About 95 per cent of the glume 
surfaces in the middle whorl straw color. Some green in lower whorl. 
Past usual cutting time. Kernels completely ripe. Moisture 23.29 
per cent. 

Twenty days: Declines in all physical measurements and actual 
green and dry weights. Moisture 20.10 per cent. 

Twenty-one days: Slight changes. 


Application of Daily Growth Study to Farm Practices 

The time required for complete pollination within the panicle has 
a direct bearing upon the harvesting period. There was a tendency 
for later kernels to develop rapidly, but uneven ripening within the 
panicle was the rule. Ripening in the spikelets followed in the same 
order as pollination, from the apex downward. The yield and quality 
must be influenced by the filling and ripening of the kernels in the 
lower whorl. 

It is apparent from the data in Tables II and III that the maxi- 
mum physical size of the kernel was attained at about fifteen days 
after pollination and the dry matter content at this stage of develop- 
ment was within 3 per cent of the maximum. This was considered 
the end of the developmental period. Only a few of the usual indi- 
cations of ripening were apparent at this time. The developmental 
stage was followed by a period of about four days during which the 
entire plant ripened rapidly and the actual weight of dry matter in- | 
creased 3 per cent. During this period only slight increase in yield 
could be expected from delayed harvesting, but the appearance of the © 


DALY NGOW Tit OF THE OAT KERNEL 27 


threshed grain improved as the green faded out of the lemma and 
palea. There was an indication of a slight loss in total dry matter 
and nitrogen content with over-ripening. 

The moisture content was reduced to about 20 per cent one day 
after the estimated usual time of harvesting. Considering that some 
rain fell on each of the two previous and the three following days, 
and that the sample, still wet with dew, was gathered before seven 
o’clock in the morning, the moisture percentage of the kernels during the 
last four days was low. 


EFFECT ON GERMINATION OF IMMATURITY AND 
CONTROLLED LOW TEMPERATURES 


The effect on germination of immaturity and controlled low tem- 
peratures was investigated at the same time as the study of kernel 
development. 


Materials and Methods 


Three varieties of oats were used in the study—Gopher, Banner, 
and Victory. The three were grown side by side in one of the variety 
test blocks at University Farm. The plots were 8 feet wide and 134 
feet long. The oats were seeded with an ordinary drill on April 10. 
A border, consisting of two outside drill rows on each side and a 
one-foot swath at the ends, was removed before sampling. The plot 
of Gopher oats used in the study of daily development was included in 
the same group, altho seceded ten days later. 

The soil and seasonal climatic conditions have been described. The 
details of precipitation and temperature are given in Table I. 

Gopher oats was ripe on July 16, Victory on July 23, and Banner 
on July 22. Yields for the season and long-time averages are as fol- 
lows: Gopher 1926, 34.1 bushels; 1921-27 average, 58.5 bushels. Vic- 
tory, 1926, 39 2 bushels; 1921-27 average, 58.4 bushels. Banner, 1926, 
not included in variety trials. Gopher, 1926, average straw length 24 
inches. Banner and Victory, 1926, average straw length 30 inches. 

In the study of daily development, it was observed that actual dry 
matter content of the kernels was closely correlated with maturity. 
Therefore, to check the maturity of the samples, it was necessary to- 
determine the dry matter content each day. Check samples of approxi- 
mately ten representative panicles of each variety were used for this 
purpose. The procedure in each case was the same but the varieties 

were kept separate. After discarding the immature spikelets, as men- 
tioned on page 11, thirty primary kernels were selected at random from 
the group. These were hulled, weighed immediately, dried for twenty- 
four hours at 204.8°F. (96°C.) and then re-weighed to determine 


28 MINNESOTA TECHNICAL BULLETIN 62 


the dry matter content. After further drying, the sample was again 
weighed to check the accuracy of the first figure. 


Technic of Exposure to Controlled Low Temperatures 

Each day from July 8 to 23, samples for exposure to controlled 
temperatures were gathered in the morning, between six and seven 
o'clock. The equivalent of a large binder sheaf of each variety was 
harvested by pulling the oats at six distributed areas in the plot. With 
the roots attached, the plants of each variety were wrapped separately 
in a damp cloth before they were taken from the field. 

In the laboratory, each large sheaf was spread out on a long bench 
and groups of heads were selected at random throughout the length of 
the bench to make up smaller sheaves. The large sheaf was thus split 
into seven smaller ones. Six of these were subjected to various freez- 
ing temperatures and the seventh was used as a check. 

In addition to the eighteen small sheaves, three lots of Gopher oats 
growing in pots were subjected to controlled temperatures each day. 
After exposure in the low-temperature chamber the pots were reset 
in the field, where they had been placed at seeding time in the spring. 
The other samples were grouped together each day in two cotton bags 
with the checks included and hung to dry in an airy place. Altho 
the early samples contained a high percentage of moisture, they dried 
thoroly with few exceptions. Early in the fall, the samples were 
taken to the seedhouse and stored in metal boxes. After threshing 
in December, the oats were placed in paper envelopes and stored in 
metal boxes in the Seed Laboratory during the winter months. 

The desired temperatures were obtained by using a Lipman arti- 
ficial refrigeration plant, consisting of an insulated chamber lined with 
coils in which liquid ammonia vaporizes. After expansion, the gas is 
drawn back by a pump located outside the chamber and is compressed 
and liquefied before recirculating in the coils. Vaporizing the liquid 
ammonia in the coils reduces the temperature in the insulated chamber 
and by continued operation temperatures as low as —40°F. (—40°C.) 
can be obtained. Hildreth (1926) described the machine briefly. 

The insulated chamber was enclosed in a small booth as a further 
precaution in maintaining the temperature. A thermograph, two mini- 
mum thermometers, and a fan were enclosed in the freezing chamber. 
The fan kept the cool air in rapid circulation. 

The temperatures were maintained by Harvey thermo-regulators 
within a range of +0.54°F. (-0.3°C.) when the machine was oper- 
ating smoothly. The electric light bulb in the fan circuit burned out 
repeatedly on July 8, allowing the temperature to fall to 23°F. (—5°C.) 
on three occasions, in all, about fifteen minutes. The thermo-regulator 
was changed on July 18 and the temperature of 31°F. (—o0.5°C.) 
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fell to 22° to 25°F. (—5.6° to —3.9°C.) for half an hour before 
being noticed. On July 19 a temperature control of 26°F. (—3.3°C.) 
was used for two hours instead of 29° and 27°F. (—1.7° and —2.7°C.). 

The small sheaves were placed on wire shelves in the chamber 
with space between to allow free movement of air. Care was taken 
to prevent any of the material touching walls, pipes, or temperature 
control. A check on the time required to readjust the temperature 
after the doors had been opened showed that at each sixty-minute 
change of temperature and samples three to five minutes was required 
to cool off. In interpreting results, it should be remembered that this 
adjustment period formed part of the sixty minutes at any given 
temperature. 

The treatments to which the samples were subjected have been 
grouped below according to severity. Equal numbers of samples of 
Gopher, Victory, and Banner oats were-subjected to each treatment. 

Group A. Cooled two hours at 35°F. (1.7°C.). Exposed one hour 

at 31°F. (—0.5°C.). 
AA. No pre-cooling. Exposed one hour at 31°F. (—o0.5°C.). 

Group B. Cooled two hours at. 35°F. (1.7°C.). Exposed one 

hour at 31°F. (—o.5°C.) and then an additional hour at 
Bot. (=1.7°C.). 
BB. No pre-cooling. Exposed one hour at 29°F. (—1.7°C.). 
reup ©. Cooled two hours at 35°F. (1.7°C.). Exposed. one 
hour at 31°F. (—0o.5°C.), one hour at 29°F. (—1.7°C.) 
and then an additional hour at 27°F. (—2.7°C.). 
CC. No pre-cooling. Exposed one hour at 27°F. (—2.7°C.).. 

Group D. Check samples, neither cooled nor subjected to freezing 

temperatures. Dried with the other samples each day. 

Group E. Conducted only on July 13. Cooled two hours at 35°F. 

1.7-C.). Exposed one hour at 31 to 30°F. (—o.5 to 
—1.1°C.), and then two hours at 27°F. (—2.7°C.). 
EE. No pre-cooling. Exposed two hours at 27°F. (—2.7°C.). 

Groups AA, BB, CC, and EE were stored in the laboratory wrapped 
in a damp cloth while the other samples were cooled. They were 
therefore exposed to the low temperatures without any previous cooling. 

The machine was in operation from 8 a.m. to I p.m. each day. 
Starting at 8 o'clock, the chamber was maintained at 35°F. 
(1.7°C.) for two hours with all the samples of groups A, B, and 
Cin the chamber. The three pots of Gopher oats were also included. 
At Io a.m. the temperature was reduced to 31°F. (—o0.5°C.) and 
the samples in group AA were added to those in the chamber. One 
pot of Gopher oats and the samples in groups A and AA were re- 
moved at 11 o’clock. Simultaneously group BB was inserted and 
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the temperature was reduced to 29°F. (—1.7°C.). At 12 o'clock 
the second pot of Gopher oats atid the samples in groups B and BB 
were removed. Group CC was immediately placed in the chamber 
and the temperature was reduced to 27°F. (—2.7°C.) and maintained 
for one hour. The last samples were removed at I p.m. 

Groups E and EE consisted of samples subjected to temperatures 
slightly ditferent from those previously mentioned and included only 
on July 13. Group E was pre-cooled for the usual two-hour period 
at 35°F. (1.7°C.) and exposed one hour at 30 to: 31 He (= =semto 
—o.5°C.). Group EE was not pre-cooled. Both groups were held 
at 27°F, (—2.7°C.) for two hours. 

All samples exposed to the temperature of 31°F. (—o0.5°C.) on 
any one day were in the cooling chamber together between the hours 
of to and 11 o’clock in the morning. All samples for the day reported 
exposed to 29°F. (—1.7°C.) were in the chamber from 11 o’clock 
until noon. The results for any one day as between varieties exposed 
at the same temperatures are, therefore, directly comparable. 

After the samples were removed from the chamber, they were 
stored in the outer booth at a temperature ranging from 61° to 65°F. 
(16.1° to 18.3°C.) until the middle of the afternoon. Facilities were 
not available to duplicate the natural transitions in temperature of an 
autumn morning, but the test was probably more severe than field 
conditions. 

The samples in Group C were subjected to what might be consid- 
ered an early fall frost, being chilled for two hours at a temperature 
just above 32°F. (0°C.). They were then maintained at lowering 
temperatures of 31° F.. (—0.5° C.), 29° F: (—1:7° Ga) ar 
(—2.7°C.) for three hours. The change back to normal temperatures 
while protected from the sun also approached field conditions as nearly 
as possible. 


Germination Tests 

Laboratory germination tests were conducted by the State Seed 
Laboratory. All samples were germinated in duplicate for seven days 
before counting. 

Field germination was tested by seeding 100 kernels in one of the 
variety trial plots in the spring of 1927 about a week after it was 
possible to work the land. The field reading was made between the 
third and fourth weeks and later germination, if any, was disregarded. 
Wright (1921) pointed out that in field germination tests the seedlings 
were counted and then pulled out at the end of about three weeks. 
Only an occasional weak sprout appeared after the first count. 
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Laboratory Germination of Samples Exposed to Controlled Low 
Temperatures 

The first samples of Gopher oats subjected to temperatures rang- 
moeronres5 hf. (1-7 CC!) to 27°F. (—2.7°C.) were. in the ‘late 
milk to early dough stage. Samples were exposed daily from this 
time to complete maturity. A study of the laboratory germination 
during the first five-day period, July 8 to 12, as summarized in Table 
IV, indicates that the exposed samples gerininated about as uniformly 
as the checks. The mean germination of the check samples, group D, 
line I, was 93.4 per cent, as compared to a range in germination from 
84.6 to 96.2 per cent for the exposed samples, groups A to CC in- 
clusive, line 1. There is a noticeable difference between the average 
germination of group B, line 1, and the check sample, group D, line 1. 
The exposed sample, group B, line 1, had an 8.8 per cent lower ger- 
mination than the average for the checks. The importance of this 
difference is minimized because the average germination of the sample 
receiving the same treatment and an additional hour at 27°F. 
(--2.7°C.) was 92.2 per cent, group C, line 1, and this germination 
is within 1.2 per cent of the check. The significance of this difference 
has been determined by Student’s method. The odds that the low- 
germinating sample and the check are significantly different in ger- 
mination are approximately 9.82:1. In the second five-day period, 
July 13 to 17, the mean germination of the checks, group D, line 3, 
was 97.4 per cent; that of the exposed samples, groups A to CC in- 
clusive, line 3, ranged from 98.2 to 99.2 per cent. The differences in 
average germination between the first and second five-day periods 
indicate that lower germinating power in the early samples was due 
to immaturity. During the third five-day period, from July 19 to 23, 
there was no material change from the figures reported in the second 
period. Apparently the temperatures to which Gopher oats were 
exposed had no consistent effect on germination. 

Samples of Victory oats were subjected to the controlled tempera- 
tures daily through the stages from early milk to complete maturity. 
Both Victory and Banner oats were less mature when the first samples 
were taken and had a lower germination than Gopher oats. The 
laboratory germination of the untreated samples of Victory oats indi- 
cates reduced viability during the milk stage. The mean germination 
of the check samples, group D, line 11, for the first five-day period, 
July 8 to 12, which included the milk stage, was 70.8 per cent. The 
exposed samples, groups A to CC inclusive, line 11, ranged from 72.8 
to 85.4 per cent for the same period. During the second period, from 
July 13 to 17, the checks, group D, line 13, averaged 98.2 per cent ger- 
mination, with a range of 91.5 to 95.8 per cent for the exposed samples, 
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groups A to CC inclusive, during the same period. The germination 
of the checks, group D, line 15, during the third period, from July 
18 to 23, was 98.4 per cent, with the mean germination of the exposed 
samples, groups A to CC inclusive, ranging from 95.6 to 99.0. 
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Fig. 9. Comparison of Mean Germination of Gepher, Victory, and Banner Oats 


The upper line B in each group is the laboratory germination; the lower line A is 
the field germination. 


Banner oats, also, was exposed to controlled temperatures daily from 
the early milk stage to complete maturity. There was considerable 
irregularity in the germination of the samples harvested during the 
milk stage. The mean germination of the checks, group D, line 21, 
during the first five-day period, from July 8 to 12, was 82.6 per cent 
and for the second period, line 23, 97.2. The difference in germina- 
tion for the two periods is 14.6 per cent and is attributed to the 
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difference in maturity. The laboratory germination failed to bring 
out any conclusive evidence of injury due to the temperatures applied. 

The groups of samples designated E and EE, on page 29, were 
subjected to more severe conditions. All three varieties were included 
in this test on July 13. The Victory and Banner samples contained 
39.1 and 44.6 per cent dry matter, respectively, and the Gopher sample 
66.1 per cent. The first two varieties were in the milk stage; the 
last was in the dough stage. The average germination of the exposed 
samples was similar to that of the checks. 

The other changes in the temperature of the chamber mentioned 
on page 29 seemed to have no effect upon germination. Even with the 
temperature as low as 26°F. for two hours on July 19, no material 
effect could be detected. 


Field Germination of Samples Exposed to Controlled Low 
Temperatures 

A direct comparison of the laboratory and field germinations is 
made possible by the arrangement of the data in Table 1V. Two lines 
are used to set forth the average germinations by five-day periods. 
In the upper line in each case are given the laboratory results and im- 
mediately below, in the respective columns, are the field germinations 
representing the same lots of grain. 

In every average reported in Table IV the germination was lower 
in the field than in the laboratory. The differences were greater in 
the immature samples with the exception of Banner oats. 

The first five-day mean germination of the check samples, group 
D, line 2, of Gopher oats for July 8 to 12, was 74.2 per cent. The 
range in the exposed samples, groups A to CC, line 2, was from 65.6 
to 75.8 per cent for the same period. The low germination percentage 
of 65.6 for the sample, group B, line 2, as compared with another 
with a more severe treatment, group C, line 2, is similar to the results 
for the laboratory tests of the oats subjected to these treatments. 

In the second five-day period, the germination of the checks, group 
D, line 4, was 91.1 per cent and the range in the exposed samples, 
groups A to CC, from 90.2 to 94.5. , There was an increase of 16.9 
per cent in the average germination for all groups for the second period 
over the first. The germination in the third period was still higher, 
the checks, group D, line 6, averaging 97.2, and the exposed samples, 
groups A to CC inclusive, line 6, varying from 91.6 to 97.4. These 
results indicate no appreciable injury as a result of being exposed to 
low temperatures. However, the germination was highest in the samples 
that were fully mature. | 

During the first five-day period the field germination of Victory 
‘oats was lower than that of Gopher or Banner. The average germi- 
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nation of the checks, group D, line 12, was 66.4 per cent and the range 
in the exposed samples, groups A to CC inclusive, line 12, from 60.4 
to 68.6. The germination in the non-cooled groups, AA, BB, and CC, 
ranged from 60.4 to 63.4 per cent, line 12. This is one of the widest 
variations between checks and exposed samples. Even in this case 
some of the individual lots germinated higher than the checks. In 
the second five-day period the checks, group D, line 14, germinated 
88.2 per cent and the exposed samples, groups A to CC inclusive, 
line 14, varied from 78.5 to 88.6 per cent. Groups B and BB, line 14, 
had a materially lower germination than the checks. Groups C and 
CC, line 14, with a more severe treatment, germinated nearly as high 
as the checks. It is again evident, altho with a different variety, that 
the germination was higher in the second five-day period than in the 
first, the average difference being 21.8 per cent. The checks, group 
D, line 16, germinated 92.4 per cent during the third five-day period, 
with a range of 84.2 to 95.8 per cent in the exposed samples. These 
samples were more nearly mature than those in the previous five-day 
period and had a higher average germination of 4.2 per cent. 

The field germination of Banner oats during the early stages of 
development was similar to that of Gopher. The mean germination 
of the checks, group D, line 22, during the first five-day period, was 
71.8 per cent and the range in the ae samples for the same period 
from 68.4 to 75.4. In the second five-day period the checks, group D, 
line 24, averaged 91.0 per cent and the exposed samples varied from 
86.2 to 97.7 per cent. During the third five-day period, when the 
oats were approaching maturity, the checks, group D, line 26, aver- 
aged 97.2 per cent, and the exposed samples ranged from 91 to 97 
per cent. There was an increase of 19.2 per cent in the average 
germination in the second five-day period as compared with the average 
for the first period and a further increase of 6.2 per cent in the third 
period. There was no consistent evidence of freezing injury. 

There was a distinct difference in the appearance of the seedlings 
produced by the different lots of seed. This was true for all varieties. 
The kernels harvested in the milk stage produced seedlings that were 
slender and pale green. They germinated quickly but less vigorously 
and grew less rapidly during the first few days. Kernels that were 
harvested in the dough stage produced seedlings that were dark green, 
broad-leaved, and vigorous. The differences were not so great at the 
end of ten days. These results agreed with the observations recorded 
for barley, corn, and wheat by Harlan a Alberts (1926), and 
Crozier (1895). 
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Comparison of Fifteen-Day Average Germinations 
The mean laboratory and field germinations for the fifteen-day 
period have been included in Table IV. Some means that show the 
widest variations have been selected to illustrate the lack of significant 
differences in germination between samples subjected to the various 
treatments. The mean germinations and differences are as follows: 


Germination of Germination Difference in Difference 
Group Line exposed samples of checks germination Probable error 
per cent per cent per cent 
B 7 93-7 2.024 96.1 40.752 2.421.496 1.6 
CE 19 75.2+3.284 82.3+2.681 7.1+1.650 4.3 
BB 27 90.4+ 1.990 93.0+1.834 2.640.941 2.8 
BB 29 84.1 2.456 86.6+2.537 2.5 sis t,t 


The probable error of the difference was calculated by using the formula 


V Ea?+-Eb?—2rabEaEb where a and b represent the probable errors 
of the two germination percentages compared. The difference in ger- 
mination between group CC, line 19, and the check amounts to 
7.1+1.650 with odds of 267.1:1. This is a significant difference, 
according to the usual interpretation of statistical data. The impor- 
tance of this difference is minimized, however, by the fact that similar 
samples, line 9, group C, exposed to more severe temperatures showed 
practically the same germination as the checks, line 19, group D. 
The other three differences, reported above, are not significant accord- 
ing to the usual interpretation of statistical data. 

’ In Table V, which is a condensed summary of the averages as given 
in Table IV, percentages of laboratory and field germination have 
been grouped according to treatment before subjecting them to freez- 
ing temperatures and are given for each variety. The checks are in- 
cluded as a separate group. A direct comparison of average germina- 
tions is made possible by the method of exposing the samples. With 
the exception of one day, when only two samples were included, three 
different lots of each variety were exposed to different temperatures 
on each of fifteen days. The averages in Table V, therefore, were 
derived from the germination of forty-four samples, with the excep- 
tion of the checks and the field germination of the non-cooled Victory 
oats. The averages reported in the check column are based on results 
from fifteen samples; the field germination of Victory oats represents 
an average of the results of forty-three samples instead of forty-four. 

Samples of Gopher oats that were cooled and then subjected to 
various low temperatures had an average laboratory germination of 
95.0+0.876 per cent. Similar samples that were not cooled before 
being subjected to the low temperatures averaged 96.5+0.543 per cent, 
while the checks, which were neither cooled nor exposed, averaged 
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96.1+0.752 per cent. The germination percentages for Banner and 
Victory samples showed similar close relationships. The differences 
between the mean germination of the samples subjected to the low 
temperatures and the checks are too small to be significant. 


TABLE V 
SumMMaARY OF AVERAGE GERMINATIONS IN LABORATORY AND Freitp GiveN IN TasLe IV 


Average germination of samples 


Method of Groups A. B, C, Groups AA, BB, CC Group D, 

germination cooled and not cooled but checks not cooled 

and variety subjected to low subjected to low or subjected to 

temperatures temperatures low temperatures 
per cent per cent per cent 

Laboratory 

Gopher cc... 2. 95.0+0.876 96.5+0.543 96.1 +0.752 

IWECEOR Ys ie exes - 16,0) 91.5 +1.049 89.0+1.504 89.1 + 3.026 

Bat merase aya5 93.0 1.115 92.3 1.024 93.0+1.834 
Field 

Gop Metumrecc sareiena 85.741.599 86.6+1.088 87.4+2.662 

DR AGhOR etecs 5 Heck no 81.6+1.794 79.0+1.864 82.342.681 

Banner iw sev st 86.341.530 86.0 41.303 86.6+2.537 


If there had been a critical period in the development of the kernel, 
when it was more subject to injury from exposure to freezing tem- 
peratures, it should be evident in the comparison of the five-day aver- 
ages in Table IV or the fifteen-day mean germinations in Table V. 
Similarly, if the degree of temperature or the duration of exposure 
was an influencing factor, it would be apparent by the same compari- 
sons. There were no significant differences between the fifteen-day 
average germination percentages for the treated samples and the checks, 
but there was a pronounced increase in germination at the second and 
third five-day periods for each variety as compared with the average 
for the first period. This indicates that immaturity, instead of the 
low temperatures used, lowered the average germination. 


Comparison of Laboratory and Field Germinations 


The average laboratory germination of 264 exposed samples was 
92.8 per cent as compared to 92.7 per cent for the 45 checks. The 
same 264 samples had an average germination in the field of 84.1 per 
cent as compared to 85.4 per cent for the 45 checks. When the labo- 
ratory germinations, 309 in number, are compared with those of 
the same lots tested in the field, germination is 8 per cent lower. As 
indicated in Figure 9, most of this difference can be accounted for 
by the spread between laboratory and field germination of immature 
samples. The differences in the germination at the five-day periods 
noted in Table IV, and the position of the lines in Figure 9, indicate 
that the widest variation between laboratory and field trials occurred 
during the early stages of kernel development. The average daily 
germination of the six samples exposed to low temperatures is graphed 
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in this figure. The daily dry-matter content of the samples and notes 
on the stage of maturity are indicated in Table VI. 
TABLE VI 


Dry Marter Content AND Notes ON THE STAGES IN DEVELOPMENT OF SAMPLES EXPOSED TO 
ConTROLLED Low TEMPERATURES 


Gopher Victory Banner 
Date Drv Stage of Dry Stage of Dry Stage of 
matter maturity matter maturity matter maturity 
per cent per cent per cent 
July 8 57.0 Milk to dough 34.9 Early milk 29.7 Early milk 
9 55.5 Yellow kernels Pi Sale | etek evershareteeehe Bee 
10 62.0 First ripe 33-0 Milk 34-7 Milk 
Il 63.8 Some hard SG.r Late milk 36.6 Late milk 
12 eves. “Renae acortauane Smet Early dough * . Boe7 Early dough 
13 Geir oe Aeice waren terete ud BO nS.” _writarrerreaioer 44.6 First yellow ker- 
nels 
14 62.6 50 per cent hard 43-1 Dough 458 Dough 
15 O73) Ma taceromutegels 43.6 Yellow kernels 53.4 Late dough 
16 72.6 Ripe 47.2 Late dough 52.9 Some hard 
17 86.6 Dry, mealy gree First hard 57.9 
18 SGNG Me gu eee ee dees OSD | keateee boroes 66.5 50 per cent hard 
19 SOezy  scicd Sealers ta vetecs I QsG: Me Sekai yet cuenta ore 66.5 
29 SHA Bec teycneacuarceete 68.5 50 per cent hard 67.3 Some ripe 
22 WS: We uc tiniie 60.0"  ortesrenaine Way Ripe 
23 Bao, 0 sus vais wrere 79.1 Ripe 80.9 Ripe, mealy 


There was a marked spread between field and laboratory germi- 
nations of Gopher and Victory oats during the early stages of develop- 
ment. The general trend of the two lines, in both these varieties, 
indicates that the field germination approaches the laboratory germi- 
nation as the oats near maturity. The field germination, however, 
remains slightly lower. The samples of Banner oats showed no ma- 
terial difference between laboratory and field germinations, but no 
explanation of this could be discovered. The sudden dips in the lines 
on July 9, 10, 12, and 16 do not coincide with the dates when the 
samples were subjected to lower than the desired low temperatures. 

The spread between laboratory and field germinations indicated in 
Figure 9 emphasizes the inadequacy of the laboratory test to determine 
the true germinating value of immature oat samples. 

Throughout the trials, the difference in the stages of maturity be- 
tween Gopher, Victory, and Banner oats masked any variety differ- 
ences that may have existed. The averages in Table V and the graphs 
in Figure 9 indicate that the trend of response was similar. 


Correlation Between Dry Matter and Germination 


The correlation between dry matter and germination was computed 
by using the averages graphed in Figure 9 and the dry matter data 
from Table VI. wig 

There was a decided correlation between the quantity of dry matter 
in the sample at the time of harvest and the germination. This was 
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true in both laboratory and field germinations, but in the latter case the 
correlation was more pronounced, as indicated below. 


Gopher Victory Banner 
Correlation between field germination and 
Gave aAtter CONTEN Ge sisi ee eueisse ss score 0.70 +0.09 0.78 +0.06 0.74-£0.07 
Correlation between laboratory germination 
and dry matter content. ......2.6... 0.59+0.11 0.751 0.07 0.64+0.10 


It is apparent from these data that there is a high correlation be- 
tween field germination and percentage of dry matter. The above 
figures represent the correlation coefficient, altho the correlation ratio 
might have been used. Throughout the experiment, as indicated in 
Table VI, Gopher oats was the most mature and Victory the least, with 
Banner between. Owing to the earlier maturity and consequent higher 
dry matter content of Gopher oats, the correlation between dry matter 
and germination was lower for this variety than for Victory or Banner. 
It appears that dry matter, maturity, and germination are closely 
correlated. 


EFFECT OF EXPOSURE TO LOW TEMPERATURES ON 
THE GREEN LEAVES AND STEMS OF IM- 
MATURE OAT PLANTS 


As a parallel study to the effect of frost on the viability of imma- 
ture oat kernels, potted plants were used to study the effect of con- 
trolled low temperatures upon the plants themselves. The pots were 
exposed with the other samples to the regular temperatures listed on 
page 29 under groups A, B, and C, and kept from the sun in the 
booth surrounding the cooling chamber for about two hours before 
replacing them in the field. 

The first pots of Gopher oats were exposed to the controlled low 
temperatures when the dry matter content of the kernels amounted 
to 26.6 per cent. According to the daily development study, this was 
the very early milk stage, six or seven days after pollination. Within 
twenty-four hours after being replaced in the field, they turned 
yellow ard the stems began to break over. The stems of the plants 
exposed at 27°F. (—2.7°C.) crinkled much more freely and for a 
longer time than those exposed to 29°F. (—1.7°C.) and 31°F. 
(—o.5°C.). As the plants approached maturity, it was noticeable 
that fewer stems crinkled after being subjected to the low tem- 
peratures. From July 10 to 12, about 50 per cent of the plants ex- 
‘posed at 31°F. (—0.5°C.) and 29°F. (—1.7°C.) were injured in 
this way. During this time, the kernels were increasing in length 
and developing just enough starch to be considered in the milk stage. 
On the third day the kernels showed a dry matter content of 39 per 
cent, and only about 10 per cent of the culms of the plants exposed 
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at 31°F. (—o0.5°C.) and 29°F. (—1.7°C.) broke over from this time 
until maturity. The percentage of culms that crinkled when exposed 
at 27°F. (—2.7°C.) decreased from 90 to 50 per cent during the 
first six days. By this time the dry matter in the kernels had reached 
50 per cent and from then to maturity only about Io per cent of the 
stems crinkled. There was more injury to stems exposed to the lower 
than to the higher temperatures. 

A record was also kept of the effect on the color of the leaves 
and stems of exposure to freezing temperatures. The three tempera- 
tures had the same effect and no green color remained in the plants 
until July 17, at which time the kernels contained 58 per cent dry 
matter. The chlorophyll was destroyed and within a few days gave 
the plants the appearance of uniform ripening. It was estimated that 
on the above date the plants retained about 5 per cent of the green color. 
There was an increase in the proportion of green color retained by 
the plants from this time until natural ripening began. Exposure to 
a temperature of 31°F. (—o.5°C.) was as injurious in destroying the 
chlorophyll as exposure to 27°F. (—2.7°C.). 


SUMMARY AND CONCLUSIONS 


The daily growth of the Gopher oat kernel was studied from 
pollination to maturity, and samples of Gopher, Victory, and Banner 
oats in the early milk to ripe stages were exposed to controlled low 
temperatures at daily intervals. 

The average period of flowering in panicles lasted about eight days, 
progressing from the apex downward. The kernels in the lowest whorl 
were still in the late dough stage when the apical kernels were ripe. 

Growth in length was most rapid during the first six days and 
then more gradual until the maximum was reached on the fifteenth day. 
Width and thickness increased rapidly during the first ten days and 
reached a maximum before growth in length ceased. 

Green weight increased rapidly for thirteen days; after the fif- 
teenth day there was a pronounced decline. Dry weight increased more 
gradually than green weight until ripening began, on the fifteenth day. 
Increase in actual dry matter during the ripening period was 3 per 
cent of the maximum amount, and the loss when harvesting was de- 
layed two days was 8.3 per cent. 

Nitrogen increased rapidly during the first ten days and ash dur- 
ing the first twelve days. After this there was considerable fluctuation 
in the amount of nitrogen in twenty kernels, as indicated by the curve, 
and very slight differences in the amount of ash. 

The developmental period of the kernels used in this study con- 
tinned for fifteen days after pollination and was concluded when the 
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glumes of the apical spikelet became straw color. General ripening 
occurred in two days and was completed in four days, during which 
time the lemma and palea took on a uniform straw color and the mois- 
ture decreased from 41.47 to about 21 per cent. 

Controlled temperatures ranging from 31° to 27°F. (—o.5° to 
—2.7°C.), extending over periods of from one to three hours, had 
no apparent effect on germination. This was true whether the samples 
were cooled for two hours before being exposed to low temperatures 
or were placed directly in the chamber without pre-cooling. 

The average laboratory germination increased materially and the 
field germination to a still greater extent with the accumulation of dry 
matter in the kernels. 

The average germination was higher in the laboratory than in the 
field. The laboratory germination of immature samples, with few ex- 
ceptions, was relatively high and not a ‘reliable indication of what 
results might be in the field. 

The average laboratory germination of mature samples was always 
slightly higher than the field test, but was a reliable index of field 
germination. 

The field germination of immature kernels was low and the seedlings 
lacked vigor. 

During the developmental period, a temperature of 31°F. for one 
hour destroyed most of the green color in the plants of Gopher oats. 
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A NEW METHOD FOR ESTIMATING THE 
TRUE FAT CONTENT OF BUTTERMILK’ 


W. E. PETERSEN AND E. O. HERREID 


An accurate method for estimating fat in buttermilk has been a 
need of the dairy industry for some time. The fundamental reason 
for testing buttermilk is to determine the exhaustiveness of churning. 
This has been impossible with present methods. 

Considerable discrepancy has been revealed in the past in compar- 
ing the different methods of testing buttermilk. Meyers (1891) ap- 
parently was the first to show that the Babcock method gives results 
considerably lower than ether-extraction methods. Chemists in the 
laboratory of the American Association of Creamery Buttermakers 
concluded that the Babcock method gave results too low for butter- 
milk as compared to the official Roese-Gottlieb method. In 1921 they 
contributed a modified Babcock method, which was named the Ameri- 
can Association test and later known as the Normal Butyl Alcohol 
test. This test was recommended as a result of numerous favorable 
comparisons with the official ether-extraction method and was adopted 
by some experiment stations and commercial plants. Hunziker (1927) 
recommends the modified Babcock or ether-extraction methods, while 
McKay and Larsen (1922) favor the American Association test. The 
lack of uniformity of results in estimating fat by the different methods 
indicated that further research was necessary to determine which 
method could be relied upon. 

Petersen observed that when powdered buttermilk was extracted 
thoroly with alcohol and ether, large quantities of phospholipoids were 
removed. A review of the literature substantiated these findings. 
Dornic and Daire (1910) state that buttermilk contains a higher per- 
centage of lecithin than any other milk product, with the possible ex- 
‘ception of cream. As a result of this preliminary work, experimental 
work was initiated to determine the status of the problem. 

The results obtained by Thurston and Petersen (1928) and later 
confirmed by Chapman (1928) showed that the Roese- Gottlieb, the 
Mojonnier (a commercial adaptation of the Roese-Gottlieb method), 
and the normal butyl alcohol methods do not give an accurate estimate 
of the true fat content of buttermilk. This discrepancy was shown to 
be due to the fact that buttermilk contains relatively large amounts of 
ether- and alcohol-soluble phospholipoids of which lecithin and cephalin 
are the principal constituents. 

Having definitely established the status of the problem, it became 
evident that a test was needed whereby the true fat content of butter- 


f _* Patent applied for. 
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milk could be accurately estimated. The researches here reported have 
revealed such a method, which employs alkaline reagents and the Bab- 
cock apparatus. 


REVIEW OF THE LITERATURE 


The use of alkaline reagents is not a new discovery. Recently 
Overman and Garret (1928) employed an alkaline solution to estimate 
the fat content of ice cream. Between 1904 and 1909, considerable 
discussion for and against the use of alkaline reagents is evident in 
German literature. The literature is too voluminous for a compre- 
hensive review. It will suffice to mention a few of the first papers 
dealing with alkaline reagents and their application to the estimation 
of butterfat in dairy products. Those interested in a summary of the 
earlier literature are referred to a paper by Windisch (1909). 

Owing to patented formulas and trade names, little information 
can be obtained relative to the composition of the first alkaline reagents 
made by the German chemists: However, Sichler (1904) was 
granted four patents on alkaline solutions to which the term “sinacid” 
was applied. The original “sinacid” reagents consisted of two salt 
compounds. One was tri-sodium phosphate; the other consisted of 
tri-sodium citrate and ammonium tri-borate. Amyl or isobutyl alcohol 
was added separately when making the test. This formula was later 
modified several times. 

Gerber’s (1906) “sal”? method consisted of a sodium tartrate solu- 
tion made alkaline with sodium hydroxide plus sodium chloride. The 
literature reveals considerable contradictory evidence as to the accu- 
racy of Gerber’s “sal’’ and Sichler’s “sinacid” methods of estimating 
the fat content of dairy products as compared to the Roese-Gottlieb 
method. Two investigators, du Roi and Kohler (1904), showed that 
with cream the Sichler test checked very closely with the Roese-Gottlieb 
test, but was a trifle lower than the Gerber “sal” method. They also 
found the Sichler test to check with the Gerber method on milk testing 


3.3 to 3.6 per cent, but the Sichler to be high for milks above 3.3 per 
cent and low for those below 2.3. per cent fat. For buttermilk, the 
Sichler test was lower than the Gerber, while for skimmilk the Sichler 


gave no reading when the Gerber was 0.1 per cent or less. 
Gordon (1904) states that for testing buttermilk, skimmilk, cream, 


whole milk, and cheese by the Sichler “‘sinacid” method, the test bottles ~ . 


should be heated on a water bath at 65-90° C. He observed that when ! 
the test was completed, a dark gummy smudge settled on the bottom — 


’ 


of the test bottle. According to his observations, if the test bottles » 
were heated for two hours the fat would separate without centrifuging. — 


Apparently the interest in testing dairy products with alkaline ré- 
agents moderated considerably between 1905 and 1920, owing perhaps 
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to the universal adoption of the Babcock test. However, Hoyberg 
(1921) formulated a new reagent, which he patented, for estimating 
fat. His approximate formula contained 50-70 grams of sodium hy- 
droxide and 70-130 grams of potassium sodium tartrate per liter. A 
different mixture of these salts was required for milk and for cream. 
Orla-Jensen (1923) modified the Hoyberg reagent so that the same 
alkaline solution and mixture of alcohols could be used for milk and 
cream. He compared this modified reagent with the Roese-Gottlieb 
and Gerber methods on milk and on cream and found close agreement 
with Roese-Gottlieb; the Gerber method gave slightly higher results. 
Orla-Jensen believed that the modified Hoyberg method would be uni- 
versally adopted because of its accuracy and ease and simplicity of 
operation in that no centrifuge is required. 
The Héyberg method was further improved by Spur (1926) who 
combined the solutions into one reagent, consisting of a mixture of 
higher alcohols in 4.5 per cent sodium hydroxide. Later (1926) he 
reduced the alkalinity of the reagent and also reduced the temperature 
of the water bath to 50° C. This modified Hoyberg method checked 
to the accuracy of 0.1 per cent for milk and 0.5 per cent for cream 
as compared to the Gerber method. For milk containing less than 0.5 
per cent fat and for cheese, a different alkaline reagent and the centri- 
fuge are recommended. Van Woerden (1928) states that the Hoyberg 
method is efficient and accurate and gives an average value only slightly 
higher than the Gerber, the difference on milk being generally less 
than 0.05 per cent. 
- Magliano and Porzio (1927) reported unsatisfactory results with 
the Hoyberg method, and they devised what is essentially a modifica- 
‘tion. Their alkaline solution is Fehlings B, consisting of 60 grams 
sodium hydroxide and 173 grams potassium sodium tartrate and 
the volume made up to 500 cc. with distilled water. The alcohol mix- 
ture consists of 45 parts methyl and 55 parts isobutyl alcohol. To 
‘estimate fat in milk, the test is manipulated as follows: 10 cc. of milk, 
3 ce. of the alkaline reagent, and one cc. of the alcohol mixture are 
added to a Gerber test bottle and the contents well mixed. The test 
bottles are next placed in a water bath at 82° C. for about five minutes 
‘and are shaken several times during this interval. When the contents 
of the bottle have taken on an orange color and a layer of fat has 
separated on the surface, the percentage of fat is read directly after 
‘standing three to five minutes. The authors submit data on 56 samples 
of milk and, as compared to the Gerber method, the results check to 
_ within plus or minus 0.07 to 0.3 per cent. 
Kreis and Studinger (1927) describe the Neusal method for ee 
mating fat in milk and cream. The alkaline solution consists of sodium 
“citrate and sodium salicylate. Evidently this method is not standard- 
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ized, because the authors recommend the addition of isobutyl alcohol 
until the variations, as compared to the Gerber method, are less than 
0.05 per cent. 

The most recent alkaline method is the one devised for ice cream 
by Overman and Garret (1928). Their procedure is given in detail 
in another section. 

The review of literature revealed that the principal reason for the 
large amount of research with alkaline reagents was an endeavor to 
develop a method that would dispense with the use of acids. No dif- 
ferentiation was made between true fat and the phospholipoid content 
of dairy products. In fact, the problem of testing buttermilk was not 
considered. 


EXPERIMENTAL 


Preliminary experimental work indicated that the alkaline reagents, 
specified for ice cream by Overman and Garret (1928) and known as 
the Garret-Overman method, do not include lecithin with the fat 
in testing buttermilk, using the Babcock equipment. This reagent is 
composed of 200 grams of tri-sodium phosphate and 200 grams of 
sodium salicylate made up to one liter with a mixture of three volumes 
of ammonium hydroxide and seven volumes of water. The procedure 
used consisted of measuring 9 grams of buttermilk into a Babcock 
skimmilk test bottle and adding 0.8 cc. of normal butyl alcohol. The 
contents were mixed well and 9 cc. of the alkaline reagent was added. 
The test bottles were next placed in a water bath at 71-82° C. for 
about ten minutes and shaken several times during the heating process. 
The rest of the procedure was the same as for the regular Babcock 
method. 

This method gave clear fat columns that could be easily read and 
the duplicates checked. Lecithin added to the extent of 0.3 per cent 
did not increase the test of buttermilk of known fat content. However, 
the alkaline solution has several disadvantages. The tri-sodium phos- 
phate crystallizes on cooling, which necessitates heating the reagent be- 
fore using. The presence of ammonia makes it objectionable to handle, 
and experience indicated that the solution deteriorates on standing. 

A number of modifications of the Garret-Overman formula were 
tried by varying the concentration of the salts and the amount of — 
normal butyl alcohol, but the results did not check with those obtained 
with the recommended reagent. One modification whereby dry tri- 
sodium phosphate was added to dry test bottles, followed by the butter- — 
milk and the other reagents, gave results comparable with the ue | 
formula and obviated the difficulty of crystallization. 
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The favorable results obtained with the Garret-Overman reagent 
encouraged further research, which led to the development of a prac- 
tical test for buttermilk, using alkaline reagents and the Babcock ap- 
paratus. Space will not permit publication in detail of the formulas 
of forty-six different combinations tried experimentally in this labo- 
ratory. Several combinations were used that gave excellent results on 
buttermilk, but the reagent selected showed possibilities of application 
to other dairy products. This reagent consists of 110 grams of sodium 
carbonate and 200 grams of sodium salicylate dissolved in water and 
the volume made up to 1,000 cc. To this solution is added 30 cc. of 
50 per cent sodium hydroxide and 100 cc. of normal butyl alcohol. The 
name given to this solution is “The Minnesota Babcock Test Reagent.” 
The method used for testing buttermilk employing this reagent is 

as follows: 

1. Nine grams of buttermilk are placed in a skimmilk test bottle. 

2. Ten ce. of the Minnesota reagent is added and the contents of 
the bottle are well mixed. 

3. The test bottles are placed in a water bath at 71-82° C. for six 
to seven minutes, and shaken several times during this interval. 

4. The bottles are centrifuged for five minutes at a speed of 800 
revolutions per minute in an 18 inch centrifuge. 

5. Warm water is added to the base of the neck of the test bottles 
and they are centrifuged for two minutes. 

6. Sufficient warm water is added to bring the fat into the grad- 

uated neck of the test bottles and the centrifuge is operated for an- 
other minute. 

7. The test bottles are placed in a water bath at 57-60° C. for five 
minutes and the fat reading taken is multiplied by 2 because a 9-gram 
sample of buttermilk is used. 

This method gave excellent results. The contents of the test bottle 
after completing a buttermilk fat determination were only. slightly 

opaque, indicating that the solids-not-fat were highly dispersed in the 
alkaline solution. ; 
Having developed a method that showed promise of giving a true 
estimate of the fat content in buttermilk, it became evident that further 
_ research was necessary to determine its accuracy and applicability under 
practical laboratory conditions. 

Natural buttermilk was used. The advisability of using synthetic 
milk was considered but not adopted, owing to the impossibility of 
_ duplicating the physical properties of natural buttermilk. Additions of 
fat and of lecithin were made by weighing definite amounts into a 
. known weight of buttermilk. All weighings were made on an analytical 
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balance. It is obviously wrong to make additions of fat or lecithin 
to a given volume of buttermilk and assume such additions to be on a 
percentage basis. 

The lecithin used in this experimental work was originally prepared 
from dried egg yolks according to Maclean’s (1918) method, and was 
granular and light yellow in color. However, the purity of lecithin 
prepared by this method is questionable. Owing to the solubility of 
fat in acetone, which is a phospholipoid precipitant, it is reasonable to 
expect that some fat would be enclosed within the lecithin particles 
during the purification process. Fortunately the literature revealed a 
method whereby fat-free lecithin could be prepared. 

Gies (1912) and his associates, in their diffusion studies, found that 
fat could be separated from lecithin by dialysis. According to this 
method lecithin-fat mixtures are dissolved in ether and the contents 
poured into a thin rubber container surrounded by ether. The fat 
diffuses through, leaving the lecithin behind. 

The lecithin used in the experiments herein reported was purified 
according to this method. Dialysis was continued for four days. The 
diffusate were then removed and a fresh supply of ether added and dialy- 
sis continued for another two days. The amount of fat in the diffusate 
was not determined quantitatively, but upon evaporation of the ether 
a residue of fat-like material was obtained. This residue, when dis- 
solved in ether and acetone added in excess, did not yield a precipitate, 
indicating that it was an ether- and acetone-soluble substance, probably 
mostly fat. The nitrogen and phosphorus content of the lecithin, 1.925 
and 4.220 per cent, respectively, is higher than figures previously re- 
ported in the literature. This is considered sufficient evidence that the 
lecithin used in this experimental work was as pure as it is possible 
to obtain with present methods. 

The butterfat used was rendered and clarified on a water bath 
funnel, filtered and subjected to high centrifugal force. The filtering 


and centrifuging processes were repeated three times. A portion of 


the purified butterfat was weighed into an aluminum evaporating dish, 
placed in a vacuum oven at 135°C. for five minutes, cooled, and on 
reweighing showed no loss in weight, indicating that the butterfat was 
moisture-free. . 

The data reported in the following section are a summary of ex- 
periments conducted to determine the accuracy of the Minnesota Bab- 
cock test reagent in comparison with the other methods of estimating 
fat in buttermilk. 
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EFFECT OF ADDING LECITHIN TO BUTTERMILK ON 
FAT DETERMINATIONS BY VARIOUS METHODS 


The results recorded in Table I substantiate the findings of Thurs- 
ton and Petersen (1928) and Chapman (1928) in that the Mojonnier 
and normal butyl alcohol methods for estimating fat include lecithin. 
However, results obtained with the Babcock tests are at variance with 
those obtained by Chapman. He was able to recover an average of 
71 per cent of the lecithin added, while in the experiments here reported 
only slight increases in the fat tests were obtained by the Babcock 
method that could be attributed to added lecithin. 

When testing buttermilk to which lecithin was added, by the Bab- 
cock method, it was observed that partially hydrolyzed material, pre- 
sumably lecithin, aggregated at the base of the neck of the test bottles. 
This obstruction probably prevented the rising of fat globules into the 
neck of the test bottle, and accounts for the low results obtained with 


the Babcock method. It was found possible to force some of the 


hydrolyzed material into the small neck of the test bottle by increasing 
the speed of the centrifuge. 


TABLE I 
Errect or Avpine LEcirHIN TO ButTERMILK ON Fat DETERMINATIONS RY VARIOUS METHODS 


Methods tised and fat percentages 


Added ——-—--———-- — 
Sample lecithin Normal Garret- Minnesota 
No. per cent Mojonnier Babcock butyl Overman Babcock 
alcohol reagents test reagent 
Te eae 0.0 0.5601 0.5623 0.01 0.01 0.48 0.48 0.32 0.28 
bs eR las 0.1 0.6863 0.6488 0.01 0.01 0.52 0.72 0.30 0.30 
JRE AERCAB 5 0.2, 0.7557 0.7434 0.03 0.02 0.60 0.56 0.30 0.28 
BEAT Ainis:30 «1s 0.3 0.8389 0.8445 0.06 0.14 0.64 0.66 0.28 0.26 
4 ate L ie) ¢se, O20 0;5930 0.5920 0.05 6.05 0.42 0.40 0.30 0.30 0.30 (0.30 
1S O.1 0.6740 0.6760 0.04 0.05 0.44 0.48 0.31 0.30 0.32 0.30 
ince ao 0.2 0.7470 0.7420 0.19 0.08 Biss 0.82, 0;26>~ {0.20 0.30 0.29 
ee ae 0.3 0.8540 0.8310 0.08 0.14 0.78 0.66 0.28 0.30 0.30 0.30 
BGA... ss > 010 0.5500 0.5450 0.08 0.07 0.54 0.56 0.28 0.30 0.32 0.30 
(Ce 0.1032 0.6512 0.6449 0.08 (0,10- 0.52 0.57 0.29 0.24 0.28 0.30 
(08 Sere meo-cp42 0.7503" 0.7300 0:22) 0.20 0.65 0:68 0.24 0:26 0.29 «0.28 
Meats.) 6.3074) | 0.8419 0.8500 0.78 0:18 ° 0,60 0.62 0.30 0.29 0.30'' 0327 
BIL piaisisie:s 0.0 + 0.5995 0.5694 0.16 0.14 0.60 0.62 ange mae 0.52 0.54 
22) CA 0.1066 0.6855 0.7182 0.20 0.22 0.70 0.71 Ant seis 0.54! + 015.4 
DOG a falar 0.2027 0.8086 0.8092 0.40 0.31 0.74 0.70 ete ess 0.50 0.48 


¥ } 


In no case did added lecithin increase the fat tests when the Minne- 


~sota and the Garret-Overman methods were used. This is considered 
_ conclusive evidence that these reagents, using the Babcock apparatus, 
‘do not include lecithin in estimating the fat content of buttermilk. 


* 
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EFFECT OF ADDING FAT TO BUTTERMILK ON FAT 
DETERMINATIONS BY VARIOUS METHODS 


The results obtained by the addition of lecithin to buttermilk showed 
that the Minnesota and the Garret-Overman methods do not estimate 
lecithin. However, the question arose as to whether these reagents 
would remove all the fat. Therefore it was thought advisable to de- 


termine the effect of added fat, and in Table I] are recorded the results. 


TABLE II 
ErFict or AppinG Fat to ButTTeRMILK ON Fat DETERMINATIONS BY VARIOUS METHODS 


Methods used and fat percentages 
Added 


Sample fat Normal Garret- Minnesota 
oO. per cent Mojonnier Babcock butyl Overman Babcock 

alcohol reagents test reagent 

1 ORG Ree 0.0 0.5601 0.5623 0.01 0.01 0.48 0.48 0.32 0.28 

Bier i6 0.1 0.6714 0.7025 0.08 0.07 0.65 0.68 0.40 0.40 

BG oes: 0.2 0:7350. 0:7344 (0.14 10:15 0.74 0170 ~OFomesorse 

fy ee 0.3 0.8420 0.8260 0.28 0.28 0.84 0.83 0.60 0.64 

1 Rs Cearhchs 0.0 0.5930 0.5920 0,05 0.05 0.40 0.42 0.30 0.30 0.30 0.30 

1 ee Sean Ont 5s © rena eta rigs die eg Bae is bee oes Sain 

ie sitters 0.2 0.7880 0.7710 0.18 0.22 0.76 0.64 oie 0.48 0.50 0.50 

Patra 0.3 0.8260 0.8450 0.28 0.28 0.76 0.72 0.60 0.60 0.60 0.58 

NN Diese ects 0.0 0.5500 0.5450 0,08 0.07 0.54 0.56 0.28 @:30 0.32 0.30 

[oN oa 0.1025 0.6250 0.6270 0.06 0.06 0.58 0.60 0.28 0.29 0.39 0.39 

Gin earns 0.2043 0.7283 0.7369 0.10 0.07 0.64 0.64 0.36 0.44 0.50 0.49 

GAS a tee OS O2 Tr ata ne tate ve ck charges oP vats 


* This sample was accidentally lost. 


It is evident that added fat was not quantitatively recovered, tho 
the Minnesota and the Garret-Overman methods gave the best results. 
The failure of the Mojonnier method to recover the added fat was 
difficult to explain, but on emptying the flasks containing the butter- 
milk a layer of fat was observed on the inside of the container. ‘This 
source of error and the fact that the Mojonnier fat determinations were 
made after all the other tests were completed, undoubtedly accounts 
for the incomplete recovery of fat. With the exception of buttermilks 
Nos. G 1 and G 2, the normal butyl alcohol tests are increased with each 
addition of butterfat, but the results with the Babcock tests show little 
uniformity. 


EFFECT OF ADDITION OF BOTH LECITHIN AND FAT TO 


BUTTERMILK ON FAT DETERMINATIONS 
BY VARIOUS METHODS 


Lecithin is known to be a good emulsifier and if present in sufficient 


quantities in buttermilk would act as a fat stabilizer. This being 


true, a relatively high lecithin content in buttermilk would change the — 


surface and interfacial tension relationships existing between the fat 


| 
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-and the lecithin phase. Because these physical properties are important 
in testing buttermilk, it was thought advisable to prepare several butter- 
milks in which the fat or the lecithin or both are varied in concentra- 
tion and note particularly the recovery of fat by the Minnesota Bab- 
cock method in the presence of relatively large amounts of lecithin. 


Errect or Appinc BotH Le&ciTHIN AND Fat to BUTTERMILK ON 


TABLE III 


DETERMINATIONS BY VARIOUS METHODS 


Fat 


Methods used and fat precentages 


Added Added - ~ - 

Sample fat, lecithin, A Normal Minnesota 
No. percent per cent Mojonnier Babcock butyl Babcock 
alcohol test reagent 

LEDS ea Rearieeaey tart 0.0 0.0 0.5879 0.5797 0.12 0.14 0.60 0.60 0.44 0.46 
Beier al atolls afaie 0.2103 0.1031 0.8983 0.8973 miata 0.30 0.64 0.64 0.63 0.65 

EAE eee cates 0.2065 0.2056 0.9805 0.9688 0.28 0.30 0.76. 0.76. 0.62 0.62 

Ba aka kates 0.1054 0.2033 0.8898 0.8854 0.18 0.20 0.68 0.70 0.56 0.56 
The results are summarized in Table III. It is evident that the 


addition of lecithin did not inhibit the complete recovery of fat. There- 
fore it is safe to assume from these results that an abnormally high 
phospholipoid content in buttermilk will not interfere with the estima- 
tion of fat by the Minnesota method. 


QUANTITATIVE RECOVERY OF LECITHIN AND FAT BY 
_ THE MOJONNIER METHOD FOR DETERMINING FAT 


Contrary to the results obtained in this laboratory by Thurston and 
Petersen (1928), Chapman (1928) showed that lecithin added to butter- 
milk was not recovered quantitatively by the Mojonnier method. Be- 
cause of these contradictory results, we are submitting additional 
evidence to clarify the situation. 


Recovery 

of fat and 
lecithin, 
per cent 


TABLE IV 
Quantitative Recovery oF LecitHin AND Fat sy THE MoyonniER METHOD FOR 
DETERMINING Fat 
Ether extract 

Sample Added Added by Mojonnier Average, 

No. fat, lecithin, method, per cent 
per cent per cent per cent 

BMGs = oars gaye hint» 0.0 0.0 0.5879 0.5797 0.5838 
HMA ASO cuse isi eiathd alae sec 0.2103 0.1031 0.8983 0.8973 0.8978 
‘ I Beer cece eee e teens 0.2065 0.2056 0.9805 0.9688 0.9746 
RPMS ETAL a iia iso aces faved a Aa 0.1054 0.2033 0.8898 0.8854 0.8876 
STS I ee Olney 0.0 0.0 0.5995 0.5994 0.5994 
vl) FA 5.t 8 GTEC RCEEG CERO IOIEND 0.0 0.1066 0.6855 0.7182 0.7018 
Re aise levs pi a areR annie 0.0 0.2027 0.8086 0.8092 0.8089 


\ 


While the recovery of fat and of lecithin, as shown in Table IV, 
is not exactly within the realm of quantitative accuracy, yet all sources 
of error considered, the figures show that pure lecithin can be recov- 
ered quantitatively by the Mojonnier method. These data further 


iN 
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emphasize the inaccuracies incurred when the fat content of~ butter- 
milk is estimated by the Roese-Gottlieb and the Mojonnier methods. 


RELATION OF THE FAT CONTENT OF THE CREAM TO 
THE PHOSPHOLIPOID CONTENT ee 
THE BUTTERMILK 


We have shown that the Mojonnier method of fat extraction in- 
cludes lecithin. Then it can be assumed that the other alcohol- and 
ether-soluble phospholipoids are also extracted. We have further shown 
that the Minnesota method does not estimate lecithin. With these 
facts at hand we can calculate the phospholipoid content of buttermilk 


as the difference between the fat determinations according to the Mojon-’ 


nier and the Minnesota tests. 


TABLE V 


Fat PERCENTAGE OF THE CREAM IN RELATION TO THE PHOSPHOLIPOID CONTENT OF THE 
ButTERMILK 
Measured by the difference between the fat determination according to the Mojonnier and 
the Minnesota methods 


Fat in buttermilk 


Fat -—— - - Calculated 
Churning content ; Minn.-Babcock phos- 

No. of cream, Mojonnier, test reagent, pholipoids, 
per cent per cent per cent per cent 
SAY CEL AN spots eh etouns acta) af caverde step iate 38.5 1.5020 Cigns2",” 1.00 1.00 0.5086 
A eR Nant ore. ceaneashstels on ere ewena ee 21.0 1.2017 1.2382 0.90 0.90 0.3199 
BS atk sects: d.cdba, acs Rayn to Meche eee 35.5 1.9830 1.9522 1.50 Fe ial 0.4426 
By ai ON Kx theyaes makers One AS 18.5 0.6593 0.6466 0.40 0.40 0.2529 
Gata cle wi aosiitczcrese ia Naat eee 38.5 1.7985 1.8110 1.35 Legior 0.4547 
G Biip eas. tisvane Diaperers-s Ghee a eeneke 19.0 0.7637 0.7304 0.44 0.44 0.3070 
) Aaa Sear aries aon pe te PREP EAB § 34.0 1.8900 1.8780 1.55 i856" 0.3340 
RD Be enone toh ete ne ame tener ol ariel Aes 19.5 1.2439 1.2429 I.10 1.05 0.1684 
SB) Sn eceteeccas eased vere eer fo arias 39-5 3.0339 3.0292 2.50 2.505 0.5315 
BE De oRya a kPa ps oben aaeaGaemane Mea 19.0 1.3531 1.3760 1.10 1.10 0.2645 
TL ar Ae tain anita ots ogee goatee atipe Dinos 38.5 3.2650 3.2021 2.90 2.85* 0.4035 
(dake Serotec; ABS bo elaine wpe 20.0 0.9347 0.9503 0.72 0.74 0.2125 
(Guest dana c ssh ge ceeMe SPA TEM a) ohaam ae 36.0 2.4268 2.4319 2.10 Pads” 0.3043 
Gea AS atis Satta Ws Was Cy 0.9652 0.9548 0.70 0.71 0.2550 


* Fat estimated in whole-milk test bottle, and a small amount of glymol placed on 
the surface of the fat to remove the meniscus. ; 


Dornic and Daire (1910) state that lecithin is concentrated on the 
surface of the fat globules and is detached during the churning process. 
Palmer and Samuelson’s (1924) work supports this explanation. If 


y 


this is true, buttermilk from high testing cream should contain rela- | 


tively larger amounts of pheasant 
To study the relative phospholipoid content of buttermilk from 
creams of high and of low fat content, a series of seven comparisons’ 


was made, a total of fourteen churnings. In each case a cream of 
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high fat content was obtained. A part of it was churned and the 

remainder was standardized with skimmilk. Five pounds of cream 
was churned in Dazey churns and temperatures were carefully con- 
trolled. The figures in Table V show that the calculated phospholi- 
poid content is higher for buttermilk from creams of high fat content. 
With the exception of churnings 13 and 14 the difference as compared 
to buttermilk from low-testing cream is more than 0.1 per cent. These 
figures are only approximate, because the limit of accuracy in reading 
a Babcock whole-milk test bottle is 0.1 per cent. With more finely 
calibrated test bottles, our method of calculations should give a true 
estimate of the phospholipoid content of buttermilk. 


PURITY OF FAT AS EXTRACTED BY THE 
MINNESOTA METHOD 


The experimental evidence in this paper indicates that the Minne- 
sota method is free from the objectionable features of the normal 
butyl alcohol and the Mojonnier methods in that the alcohol- and ether- 
soluble phospholipoids are not extracted and estimated as true fat. 
However, the question was raised as to the purity of the fat estimated 
by the Minnesota method. This was in part proved by the results 
recorded in Table I] where added fat was recovered quantitatively, but 
did not preclude the possibility of the fat being contaminated with 
alcohol from the alkaline reagent, an observation reported by earlier 
workers (Sichler, 1904). 

_ We proceeded to determine the purity of the fat by estimating the 

fat content of buttermilk with a type of skimmilk test bottle having a 
removable neck (known in the trade as “Russian”). A 9-gram sample 
of buttermilk was used. The fat in the removable neck was washed 
with ether into a weighed Mojonnier evaporating dish. The dish was 
placed in the Mojonnier vacuum oven at 135° C. for five minutes, 
cooled and weighed. From the net weight of the dried residue and the 
weight of the buttermilk sample, the fat percentages were recalculated 
and compared with the original volumetric readings. It is evident from 
the results recorded in Table VI that the fat was not contaminated with 
any appreciable quantity of foreign volatile material. 


TABLE VI 


Purity oF Far sas Exrractep sy THE Minnesota MetHop 
ii Determined by drying in a vacuum oven | 
; : 


FA Sample Fat content as read Recalculated fat 
: No. from test bottle content* 
: per cent per cent 
| SM SWencaertra ARPT rc Re ea 0.40 0.394 
We ae ity tin, Babys «ie ae MURR © 0.39 0.375 
-- PAUONNY Hie iting fie ie Aphre a aon pee ea 0.38 0.365 
t 2. Big Trdeicib SiR AoRA aR loro icra ancaae arts 0.34 0.293 


Doge 


éf v -* As determined from weight of dried fat residue and weight of buttermilk sample. 
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SOME FUNDAMENTAL CONSIDERATIONS OF THE 
MINNESOTA BABCOCK TEST REAGENT 


The separation of the fat from the other ingredients is affected by 
a dispersion of the non-fatty materials of milk and a change in the 
interfacial tension between the fat particles and the solution. The 
interfacial tension is so affected by the alcohol that the fat particles 
rapidly coalesce and separate as a clear liquid layer. The alcohols are 
readily soluble in the alkaline solution, where they remain and do not 
contaminate the supernatant fat. 

The alkaline solution disperses the milk solids-not-fat, including the 
phospholipoids. The soluble alkaline salts act as buffers, which elimi- 
nates the danger of fat saponification. Subjecting samples of butter- 
milk mixed with the reagent to a temperature of 77-82° C. for thirty 
minutes did not affect the fat reading. A one per cent aqueous lecithin 
emulsion was exposed to the action of the reagent for five minutes at 
82° C. and, when acetone was added, a precipitate of apparently normal 
lecithin was obtained. The presence of choline in the molecule, which 
is strongly alkaline, probably accounts for the stability of lecithin 
toward alkalies, whereas lactose is readily oxidized because of the in- 
stability of sugars in alkaline solutions. Furthermore, the soluble salts 
in the reagent do not crystallize on standing at room temperature, 21° C. 
At lower temperatures crystallization takes place and it becomes neces- 
sary to heat the reagent slightly before using. Creamery operators have 
used this reagent for the last five months for testing buttermilk and 
report excellent results. 


SUMMARY 


1. Further evidence is presented to show that the phospholipoids 
are a factor in estimating the fat content of buttermilk. 

2. A method is described for determining the true fat content of 
buttermilk. 

3. Preliminary work indicates that the Minnesota Babcock test 
reagent may be used to estimate the fat content of other dairy products, — 
including ice cream and condensed milk. However, more extended 
studies are necessary before definite recommendations can be made. 
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SOME OF THE FACTORS INFLUENCING THE 
GROWTH OF MOLDS IN BUTTER' 


Harotp Macy 


INTRODUCTION 


The market value of butter is determined, in a large measure, by 
flavor and aroma, but the general appearance and physical structure 
also have considerable influence upon a critical and discriminating 
buyer. 

One of the most disturbing defects of market butter is due to the 
growth of molds, which produce discolored areas on the surface of 
the butter, wrapper, or packing, often sufficiently serious to cause 
rejection by the dealer. On the other hand, the mold growth may 
be such that there are no marked, visible signs of molding to mar the 
appearance of the butter, but quite enough to bring about decided, 
deleterious changes in the flavor and aroma. The discoloration due 
to the growth of molds is always a serious matter, but when the flavor 
and aroma may be affected simultaneously, or even independently, as 
they are by the development of certain molds, the situation assumes 
very serious proportions. As a rule the market has been thinking of 
the molding of butter principally as a defect in appearance, because 
this is the most striking manifestation of the development of these 
microorganisms. 

Generally, moldy butter occurs as an isolated case, altho at times 
an outbreak of moldiness from certain creameries may assume the 
proportions of an epidemic. When such a situation arises, losses to 
the creameries are often heavy, involving hundreds or thousands of 
dollars, quite sufficient to cause a minor financial crisis for large cream- 
eries and a major crisis for smaller establishments. In recent years, 
moldy butter has attracted much more attention than it did formerly. 
The reason for this is not entirely clear, altho changes in manufactur- 
ing methods and a more discriminating market may have had a part 
in this increased interest. 

The appearance of mold has been more frequent in unsalted butter, 
and occurs most commonly during the early spring and summer months. 
However, isolated cases may occur at any season of the year and in 
various grades of butter and margarine. 

The mold problem is really serious for the creamery industry, con- 
sidering the damage done by the mold in producing the typical surface 
discoloration and deterioration of the product. A number of investi- 

1 The material in this bulletin was submitted to the Graduate Faculty of the Iowa State 


College in partial fulfillment of the requirements for the degree of Doctor of Philosophy, 
granted June, 1929. 
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gators have studied some of the factors that may influence the growth 
of mold in butter, but some factors have not been studied carefully, 
and must be understood clearly before the industry controls the situa- 
tion. For instance, it has been generally agreed that salt has a pre- 
servative action in butter and tends to prevent moldiness. Neverthe- 
less, many cases of mold occur in highly salted butter. The problem is 
not simple, nor will it be easy to solve. So many factors may influence 
the growth of molds in butter that each must be studied thoroly before 
a proper evaluation can be made for individual species and mixtures of 
species that may occur in a given lot of butter. The relationship of 
these factors, one to the other, must be established before the problem 
can be approached with a reasonable degree of assurance that it can 
be solved and control exercised. 


The studies reported here were undertaken in an attempt to pro- — 


vide data from which future research may be directed toward a more 
complete solution of the problem. 


REVIEW OF LITERATURE 


There is no indication in the literature as to the original observation 
of the molding of butter. Undoubtedly, mold growth occurred on 
butter made under primitive conditions and stored where there was 
every opportunity for growth. For many years articles on dairying have 
referred to the appearance of discolored areas on butter, but before 
mycological laboratory methods were perfected little definite informa- 
tion was available. Saccardo (111) in 1886 stated that Oospora ruber- 
rima had been reported by Trabut as occurring on butter in Algiers. 
Duclaux (34) in 1886 mentioned the fact that molds were found in 
butter. In 1892, Siedel (124) found that granular butter, stored for 
several months in brine, changed in flavor and developed roquefort, 
turnipy, or beet flavors, which he attributed to molds. McWeeney 


(80) in 1894 described and illustrated a fungus, causing dark brown | 
spots on butter exhibited at Cambridge, that he considered to be like — 


Dematium pullulans DeBary, but which was identified as Cladosporium 
herbarum Link. Reference to mold'in butter was made from Sweden 


anonymously (4) and by Wagepetersen (141). Shaw (123) reported | 


that several samples of butter in Portland, Oregon, developed bluish- 
black isolated spots on the surface, which eventually became covered 


with the growth of a fungus identified as Stemphylium butyri. He also © 
stated that a similar case had been noted in North Carolina. In an~ 


extended report upon experimental exports of unsalted butter to the 
London market, published by the United States Department of Agri- 
culture, Alvord (2) stated that results were unsatisfactory because a 


portion of the butter became moldy. In a monograph that has been — 
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quoted widely, Gripenberg (53) discussed the investigations carried on 
during the years 1896-1898 in Finland to determine the causes of moldy 
butter. The molding of butter had become a serious problem for the 
exporters of Finnish butter and demanded some study. During the 
last 30 years there have been increasing numbers of references to the 
appearance of mold in butter, and results of research upon sources, 
species of molds, factors influencing growth, chemical activity, and 
methods for control have been published. Many of these will be 
discussed. 


FACTORS INFLUENCING THE GROWTH OF 
MOLDS ON BUTTER 


Many factors may be considered as affecting the growth of m lds, 
among which the food supply, moisture, atmospheric conditions, tem- 
perature, and miscellaneous physical and chemical environment are the 
most noteworthy. furthermore, the species of mold undoubtedly is 
an important factor. These factors will be considered separately. 


Food Supply 

Butter carries a variety of food elements—fats, proteins, carbo- 
hydrates, and mineral salts—which should provide nutriment for the 
molds that may be present. 

1. Fats and related substances.—As fat is the principal con- 
stituent of butter, it is well to consider the part which fat may play in 
the nutrition of some of the common fungi. In an investigation o: the 
use of fats by certain fungi, Schmidt (117) found that when various 
oils were added to a mineral solution, the molds grew and _ utilized, 
especially, the neutral fats. The decomposition of a glyceride was con- 
sidered as beginning with a splitting into glycerol and the fatty acids, 
which in turn might be attacked. If the oil covered the surface of the 
Autrient solution, the molds were shut off from oxygen and did not 
srow. Duclaux (35) melted a sample of butter and decanted a por- 
tion of the fat. The remainder of the sample was emulsified and inocu- 
lated with a species of Penicillium. Changes took place in the fats 
and there were variations in the proportion of fatty acids released. 
Butyrin was saponified more easily by the culture than caproin, but 
both were found to be more readily attacked than the other glycerides. 
Later, Duclaux (36) found that if an oil was impure and carried a 
substance that imbibed water, the surface of the substrate might be 
covered after a few days by an abundant vegetation in which Penicil- 
ium glaucum predominated. Water played an important role in this 
srowth of mold especially as it might carry various nutrients and 
furnish moisture for germination. In a study of rancidity of butter, 
Hanus (56) reported that the glycerides of the saturated fatty acids 
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were decomposed by molds but that those of the unsaturated acids were 
not. He pointed out later (57) that the molds first attacked the lactose 
and proteins and later decomposed the fats. Eichholz (39) (40) made 
the statement that microdrganisms could not grow in pure butterfat 
but that Penicillium glaucum developed especially well and caused an 
intense roquefort flavor in butter rich in casein. Crampton (25) (26) 
concluded from his experiments with moldy oleomargarine that where 
nitrogenous or other non-fatty material afforded a nutritive medium 
for the growth of molds, edible fats could be hydrolyzed so that fatty 
acids and glycerol were liberated. Laxa (72) found that molds 
brought about an important decomposition of butterfat; but that the 
splitting of all glycerides did not take place in the same degree. The 
glycerides of the insoluble fatty acids that have higher molecular weights 
were found to be more easily hydrolyzed by the molds than those of 
lower molecular weights, and the toxicity of the freed, soluble fatty 


acids increased with the increasing molecular magnitude. Schreiber — 
(118) found that pure fat by itself was not a foodstuff for the micro- — 


Organisms that he studied, but where other nutrients were available 
molds were able to split the fat. As a result of his experiments Rahn 
(99) concluded that the decomposition of fat took place only in the 
presence of organic nitrogen. Kuhl (70) (71) reported that molds 
isolated from butter were able to attack fat, but that this process took 
place after the molds had made their original development on the 


curd of butter. Roussy (109) investigated the value of fatty sub- 


stances as food for Phycomyces nitans, Rhizopus mgricans, and Sterig- 
matocystis nigra, and stated that for these molds fat was just as good 
food as carbohydrates. His studies (110) were continued with similar 
results when other species were used. Sohngen (125) found that 
several molds were capable of producing lipase, which split the fat in 
butter and margarine. In extensive investigations Spieckermann (126) 
(127) studied the effect on fats of cultures of Penicillium glaucum and 
other molds. The fats were split in a variety of ways when some 
nitrogenous compounds were present in the substrate. Batten and By- 
waters (Q) in experiments with sterile cacao butter, observed that molds 
would not grow on it at any temperature unless water was present, 


Colonies did appear on a solidified emulsion of the cacao butter and 


water (about 30 per cent) after 3 months at room temperature. When 


small quantities of sterile prune juice agar were mixed with cacao but- | 


ter, vigorous growth was observed in less than a week. Bywaters (21) 


also stated that pure fats were very resistant to the attack of fungi, 


probably because of the lack of nitrogenous and other elements required 
for growth. As a result of researches on the rancidity of vegetable 


margarine, Jacobson (62) decided that the influence of molds on 
absolutely dry cocoanut oil was of no significance, but if only traces 
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yf water were present rancidity might occur. Stokoe (129) found that 
Penicillium glaucum when inoculated into pure fats produced little 
hhange, but when the fats were emulsified with nutrient media the 
nold developed within a few days. He (130) stated that the develop- 
nent of rancidity in water-free fats was not due to the activity of 
nicroorganisms. The products formed as a result of the action of 
Pemcillium sp. were discussed in a later publication by the same author 
(131). Flieg (49) studied the action of Aspergillus nigcr on a variety 
»f fats in a synthetic medium that encouraged the early growth of the 
ungus, and found that the different fats were attacked in different 
ways. After reviewing the literature extensively, Starkle (128) stated 
hat the presence of water and nitrogenous substances was necessary 
‘or the growth of molds in cocoa fat. Zikes (147) likewise made the 
tatement that pure fats and waxes did not support the growth of 
‘ungi and that positive results in the past were probably due to ad- 
lerent traces of proteins and carbohydrates. In a recent publication, 
?atil and Hammer (92) reported that butterfat in a purified condition 
eemed quite resistant to the growth of microorganisms. Strained 
at and ghee kept much better than butter or ghee containing added 
vater. 

Schmidt (117) found that when a mineral nutrient was provided, 
leic and palmitic acids were more or less satisfactory sources of 
arbon for Aspergillus niger, after glycerides were broken down into 
he component acids and glycerol. According to Bokorny (14) butyric 
icid may be used as food for molds, but Bitting (11) found that a 
).2 per cent solution retarded the growth of Penicillium, while Oidium 
actis did not develop in more than 0.1 per cent. Crampton (26) found 
hat Coniothecium sp. attacked the fatty acids freed in oleomargarine, 
with a preference for those of lower molecular weights. Rahn (99) 
greed that fungi show a preference for the lower acids. Laxa (72) 
eported the utilization of volatile fatty acids released in the splitting 
yf butterfat by molds. Spieckermann (126) found that certain molds 
were able to use fatty acids, especially if they were finely divided. 
Roussy (110) was able to obtain good growth of several species of 
nold on oleic, palmitic, and stearic acids when they were used in con- 
lection with Raulin’s medium. Tausson (132) reported that oleic, 
stearic, and palmitic acids were utilized by A. flavus, altho the satu- 
‘ated acids were more suitable than the oleic acid. Kiesel (66) was of 
he opinion that fatty acids show considerable toxicity toward Asper- 
jillus niger, especially those containing the most carbon. In this respect 
he molecular structure also appeared to be significant. The differ- 
ces in toxicity were explained on the basis of the differences in pene- 
tability of the protoplasmic layer of the cell for various substances. 
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The glycerol released by the splitting of fats could be readily utilized 
by fungi, according to Burr (19) who found that Penicillium glaucum } 
and Aspergillus niger would grow in 43 per cent glycerol solutions. | 
Ehrlich (38) demonstrated that Ozdium lactis utilized glycerol as a } 
food. Roussy (110) came to the conclusion that the several species 
of molds which he was studying developed much better on fatty acids 


than on glycerol, with the exception of species of Penicillium and | 
Aspergillus. Glycerol did not serve particularly well as a source of | 
carbon, according to Schmidt (117). 

When ivory-nut oil and lecithin were added to a nutrient medium, | 
von Euler (44) found that the growth of Penicillium glawcum and | 
Rhizopus chinensis was extensive after the medium was irradiated by | 
ultra-violet light. 

Apparently, pure fat is not available for direct use by molds; suf- 
ficient quantities of water and nutrient substances appear to be neces- | 
sary before the splitting and utilization of the fat can be accomplished. 
There is some question as to the action of molds upon the free fatty | 
acids. A difference appears to exist between the value of the different | 
acids, because of their composition, structure, or some other factor. | 
Large quantities might be toxic and small amounts stimulating. Ap-| 
parently glycerol and lecithin are able to furnish a satisfactory food } 
supply for many molds. | 

2. Proteins and related substances.—The literature abounds | 
with references to experiments undertaken to determine the type of | 
nitrogen compound most useful for various species of mold. They are} 
so extensive that no attempt will be made to review them. As normal | 
butter contains a considerable quantity of rich nitrogenous material | 
in the form of the droplets of buttermilk, it may be assumed that the | 
molds will find a variety of proteins and related compounds sufficient | 
for growth, providing the molds are in such a position that they are | 
able to obtain the substances directly. | 

The question may arise as to the possibility of molds fixing nitrogen | 
when they are attempting to grow in such a substance as pure butter- | 
fat. Dox (32) (33) reported that he found no evidence that Asper- 
gillus fumigatus could fix nitrogen. The literature upon the subject | 
of nitrogen fixation has been reviewed very thoroly by Duggar (37) who 
came to the conclusion that nitrogen fixation could not be established 
for Aspergillus niger, Penicillium digitatum, Penicillium expansum, | 
and some other forms, while Phoma betac showed signs of fixation 
when growing on mangel and sugar beet decoction with sugar. 

As far as the utilization of the protein fraction of butter is con-| 
cerned, Batten and Bywaters (9), Burr and Wolff (19), Crampton | 
(26), Eichholz (40), and Laxa (73), all expressed the opinion that a| 
high curd content favored the growth of molds in butter. Boekhout, 
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‘and de Vries (12) held that the percentage of curd in itself was not 
‘a factor, because the merest traces of curd were sufficient to encourage 
the growth of mold. This observation seems to be more in accordance 
with the facts relating to the quantities of nitrogenous material neces- 
sary for the development of fungi. 

3. Carbohydrates and mineral salts —The value of various car- 
bohydrates and mineral elements or salts as food for molds has been 
studied by many workers. It would be impractical to present a review 
‘of the voluminous literature upon this subject. In connection with 
studies on butter, it was reported anonymously (5) that lactose was 
‘not a good source of food for Oidiwm lactis or Mucor mucedo, but was 
fairly satisfactory for Penicillium glaucum. In solutions containing 
sugar, a marked submerged mycelial development was noted. This 
observation is of interest in light of the findings presented later. 
Boekhout and de Vries (12) reported that lactose was not the best 
type of sugar for Hormodendrum cladosporioides. In his studies on 
the influence of lactose on the decomposition of casein by micro- 
Organisms, Laxa (73) found that proteolysis was favored by the 
presence of lactose. According to Ehrlich (38) Ovdinum lactis was 
able to utilize lactic acid that might be formed by the hydrolysis of 
lactose. 

The fact that for years the majority of studies on molds have been 
made upon synthetic media containing a variety of inorganic salts, 
is evidence that mineral elements are satisfactory and necessary food 
sources, if they are present in the proper compounds and in the proper 
quantities. Normal buttermilk carries a variable quantity yet more 
or less satisfactory variety of most of the inorganic elements essen- 
tial for the development of many fungi. 

_ As a whole, butter contains a variety of food elements, some of 
‘which are readily available for use. Much depends upon the molds 
being properly oriented so that they are in intimate contact with the 
most easily utilizable compounds. In butter, the protein, carbohydrate, 
‘and mineral salts are in the buttermilk, which is finely dispersed 
throughout the mass of butterfat. As pointed out by Rahn and Boy- 
n (100) these particles may be extremely small and so numerous 
that the majority of the droplets of buttermilk are sterile. [urther, 
‘some of the droplets may be largely water with the slightest traces of 


‘and produced sufficient mycelium and enzymes to attack the abundant 


~ a 


upply of adjacent fat. 


Moisture 
It is generally recognized that moisture is necessary for the germi- 
ition of the spores of molds and that the development of hyphae is 
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accelerated when sufficient moisture is available. In order to utilize 
any foodstuff, water in sufficient quantities must be present. This has 
been indicated in connection with the availability of fat as a nutrient 
for fungi. 

Moisture in substrate.——Batten and Bywaters (9) prepared a 
series of blocks of cacao butter containing from o to 20 per cent of 
water in an emulsified state and inoculated mold cultures into the 
center of the blocks. Under these conditions, the growth of the mold 
was slow, no matter how high the percentage of water. This may 
have been explained by other factors, such as a lack of suitable food 
or oxygen. Mold did develop on solidified emulsions of cacao butter 
and water (about 30 per cent) when spores were inoculated on the 
surface. Burr and Wolff (19) found that’ when butter contained 
water in large droplets instead of being in the normal, finely divided 
state described by Boysen (15) and Rahn and Boysen (100), mold 
development was favored. They pointed out that nutrients were not 
available unless sufficient moisture was present. Combs and Eckles 
(23) made the statement that moisture content is a factor governing 
the development of molds in butter. As pointed out elsewhere, Du- 
claux (36) found that water was required for the germination of mold 
spores. According to Gripenberg (53), wood and paper used in butter 
-packages sustained the growth of molds when sufficient amounts of 
moisture were present. Hood and White (60) were of the opinion 
that normal butter contained sufficient moisture for mold develop- 
ment. This seems to be certain, as the moisture in butter is present 
largely in connection with the principal food consituents such as pro- 
teins, carbohydrates, and mineral matter. In his investigations on the 
causes of rancidity of vegetable margarine, Jacobson (62) found that 
oils become rancid through mold action when small quantities of water 
(0.2 to 0.5 per cent) were present. Konig, Spieckermann, and Bremer 
(68) reported that a multiplication of molds occurred in three sorts 
of cottonseed meal only when the water content was higher than 14 
per cent. McWeeney (80) warned against superfluous moisture in 
butter if molding were to be prevented. As pointed out elsewhere, 
Patil and Hammer (92) observed the development of microérganisms 
in butterfat and ghee only when water was present with these sub- 
stances. Thom and Shaw (140) reported mold in butter with a water 
content ranging from 7.38 to 18 per cent. According to Welte (145), 
Penicillium glaucum made good growth after 4 days on bread con- 
taining 33 per cent of water, but less satisfactory development in 6 
days when the water content was 20 to 25 per cent. With Aspergillus 
nidulans, no growth was obtained, even after 6 days, when 25 per 
cent or less of moisture was present. He quoted Fliigge as authority 


it 
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for the statement that mold growth was completely hindered when the 
water content was as low as 10 to 12 per cent. 

It is evident that water in the substrate is essential for the develop- 
ment of molds. Just what the minimum moisture requirement may be 
under different conditions is not so clear. The fact remains, how- 
ever, that normal butter contains a high percentage of moisture in pro- 
portion to the most easily utilized food constituents and should provide 
a satisfactory substrate for mold growth from the standpoint of 
moisture. 

Moisture in atmosphere.—The matter of humidity is another 
consideration of some importance. Combs and Eckles (23) held 
that the moisture content of the atmosphere in which butter was stored 
had a considerable influence upon the development of molds. This 
is in agreement with the observations of Orla-Jensen (63) that 
Cladosporium butyri, Oidiwm lactis, and Penicillium glaucum grew 
best when butter was kept in a moist room. According to Konig, 
Spieckermann, and Bremer (68), molding was increasingly abundant 
with an increase in humidity. Macy and Pulkrabek (81) stored 
samples of unsalted butter wrapped in mold-contaminated parchment 
under conditions of varying humidity. Nineteen samples kept at 1° C. 
for 50 to 60 days at approximately 70 per cent relative humidity 
showed no mold. The same was found true of ten samples stored 
at 12° C. for 30 days at about this humidity; two other samples at 
the same temperature and humidity after 50 to 80 days were moldy. 
A high relative humidity (90 to 100 per cent) favored the growth of 
molds upon comparable samples kept at the same temperatures. Thom 
and Shaw (140) found that samples of butter inoculated with various 
molds and kept at room temperature for several days showed no growth 
of mold at ordinary humidities, but when the samples were placed in a 
moist chamber the growth was active. At the low humidities none 
of the cultures appeared to develop, regardless of the moisture con- 
tent of the butter. The failure of mold to grow on butters with high 
protein content when kept at low humidities indicated that the moisture 
in the atmosphere was the essential factor, as the cultures developed 
in the moist chamber in butters with a low protein content. Studies 
were also reported in which definite humidities, namely, 100, 90. 79.6, 
and 69.6 per cent were employed. The growth of molds was found 
‘to be greatest at 100 per cent, good at 90 per cent, cons‘derable at 
79.6 per cent, and little or none at 69.6 per cent relative humidity. 
Unquestionably, humidity is a very important factor in the growth 
of molds in butter. 
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Atmosphere 


The importance of a sufficient supply of oxygen for the develop- 
ment of molds in butter has been suggested by a number of investi- 
gators, among whom are, Boekhout and de Vries (12), Burr (18), 
Burr and Wolff (19), Duclaux (36), Gripenberg (53), Hood and 
White (60) and Rogers (108). 

Lopriore (78) observed that the germination of spores of Mucor 
mucedo was slowed by the presence of 10 per cent carbon dioxide in 
the atmosphere. Undiluted CO., altho producing total inhibition, did 
not kill the spores even after an exposure of three months. The forma- 
tion of sporangia was more readily suppressed than spore germination. 
Brown (17) reported that within quite wide limits, the oxygen pres- 
sure had very little effect upon the germination and. growth of certain 
molds, such as Botrytis, Fusarium, and Alternaria. The germination 
and growth of these organisms was retarded by CO,, especially at 
lower temperatures with a scanty food supply. 

According to Porodko (95), it did not appear that aerobic organ- 
isms such as A. niger, P. glaucum, and M. stolonifer were particularly 
sensitive to changes in oxygen pressure. Sevenster (120) (121) (122) 
stated that butter stored under vacuum was not in a favorable environ- 
ment for the growth of molds. 

Karsner and Saphir (65) studied the effect of high partial pressures 
of oxygen upon several species of molds grown on Sabouraud’s agar 
in petri dishes kept in glass jars. They found that concentrations of 
oxygen of 76 per cent or more exercised a definite inhibitory effect 
upon some molds. 

Rippel and Bortels (rc6) observed that the development of Asper- 
gillus niger from spores was hampered by removing the CO, from 
the atmosphere. They held that CO, was necessary for the func- 
tioning of plant cells. 

According to Rockwell and Highberger (107) a species of Mucor 
was found to be inhibited in growth when incubated at 37° C. in a 
jar containing 4 per cent NaOH to remove some of the CO, from the — 
atmosphere. 

The notion that molds are strict aerobes seems to be faulty, but it 
is evident that they do require some, oxygen for their normal develop- 
ment, altho excessive quantities are inhibitory. How important these 
facts may be in connection with the molding of butter is not fully 
explained. One must bear in mind that a certain amount of air is 
entrapped in ordinary butter, the amount and distribution varying at 
different times as shown by Rahn and Mohr (102). The extent 
of the surface of butter exposed to the air also may be a factor. 
Reisz (104) has shown that a cylinder (r? h) of butter exposes 14.5 
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per cent and a cube (r*) 24.1 per cent more surface than a sphere 
(4/3 1°). If air is essential for the development of mold in butter, 
the shape of the package may be worthy of consideration. 


Temperature 

Temperature profoundly influences the growth of microorganisms. 
Molds are no exception to this. 

Welte (145) reported that Penicillium glaucum and Mucor stoloni- 
fer showed the best growth at room temperature; Aspergillus nidulans 
grew well at 36° to 37° C. In his studies on Aspergillus niger and 
Penicillium glaucum, Thiele (135) observed that the maximum tem- 
perature for growth was not constant and depended upon the medium. 
The minimum for P. glaucum was 1.5° to 2.0° C. and for A. niger, 
6° to 8° C. Later, he reported (136) that P. glaucum made only scanty 
growth at 30° to 40° C. Thom (137) found that few Penicillium 
species grew normally at 37° C. but nearly all showed rapid growth 
at 12° to 30° C. The development was progressively reduced by 
lower temperatures. At 10° to 20° C. it was slow but good, while 
at temperatures approaching 0° C. the growth was very much slower. 
Ames (3), in studying the minimum temperature for germination of 
spores of Monilia fructigena, Penicillium digitatum, Rhizopus nigricans, 
and other storage-rot fungi, found that the spores of these species 
had a minimum germination point at 1° C., 1° C., and 3° C. while their 
Optimum temperatures for growth were 25° C., 25° C., and 35° C,, 
respectively. He pointed out that the minimum temperature for fruc- 
tification in all cases was several degrees higher than that for growth. 
Brooks and Cooley (16) determined that the spores of Alternaria sp., 
Botrytis cinerea, and Penicillium expansum germinated slowly at 0° C. 
on cornmeal agar. Aspergillus niger failed to germinate at 10° C. 
Meyer (84) advanced the opinion that it was not permissible to speak 
of an optimum temperature for the growth of fungi except in the 
sense that it was the temperature which permitted the greatest rate 
of growth under strictly specified conditions other than temperature. 

These reports are representative of many that indicate that each 
species shows different responses to different temperatures for germina- 
tion, growth, or fructification. 

In respect to the growth of molds in butter at different temperatures, 
the reports are largely in generalities, altho Boekhout and de Vries 
(12) reported that moldiness had appeared in samples of butter stored 
at —3° to —6° C. for 4 weeks to 44% months. A report from the 
United States Department of Agriculture (6) recommended that but- 
ter be stored below 2° F. (—16.67° C.) to prevent mold development. 
Hood and White (60) pointed out that molds grew in butter over a 
wide range of temperatures but were checked at temperatures approach- 


16 MINNESOTA TECHNICAL BULLETIN 64 


ing the freezing point of water. This was in agreement with the views 
of Rogers (108) expressed several years before. Macy and Pulkra- 
bek (81) observed that temperature was a factor which influenced 
the development of mold on experimental butters. Stokoe (129) re- 
marked that temperature entered into the factors favoring the produc- 
tion of rancidity of oleomargarine by molds, on the basis that this defect 
was more prevalent in the summer months. 

In a general way it appears evident that low temperatures impede 
the development of molds in butter but experimental evidence for dif- 
ferent species and specific temperatures is lacking. Butter has been 
found to be moldy even at relatively low temperatures when stored 
for sufficient periods of time. 


Miscellaneous Chemical and Physical Environment 

Many factors may be considered under this category, but only a 
few will be discussed. 

Salt——Investigations have been undertaken regarding the effect 
of salt (sodium chloride) upon the growth of molds. Eschenhagen 
(43) reported that Aspergillus niger would grow in a 17 per cent 
solution of sodium chloride in an inorganic medium, Penicillium at 
18 per cent, and Botrytis cinerea at 12 per cent. Kosinski (69) was of 
the opinion that a 0.26 molar solution (1.523 per cent) of sodium 
chloride did not affect the respiration of Aspergillus niger. According 
to Gustafson (54), spores of Aspergillus niger failed to germinate in 
0.5 molar solution of sodium chloride (about 3 per cent). Lindet (76) 
explained the antiseptic action of salt upon the basis of its depriving 
microorganisms of a portion of their elementary structure through 
plasmolysis. Woltje (146) studied the effect of various concentrations 
of sodium chloride in different media upon the growth of eighteen 
species of Penicillium. The killing concentration of salt at 15° to 
17° C. for conidia was found to be from 6 to 26 per cent and for 
mycelium from 8 to 27 per cent, depending upon the species. Exten- 
sive microscopic studies of the effect of salt upon the growth of Peni- 
cillium expansum, Alternaria solani, and Oidium lactis were reported 
by Bitting (11). She found that salt retarded growth and stunted 
development. It took longer for the conidia to germinate in higher 
salt concentrations. Oidium lactis was most susceptible and did not 
grow in 15 per cent salt. Molliard (85) found that sodium chloride 
at concentrations up to 10 per cent lowered the activity of Sterigma-— 
tocytis nigra. Golding (51) studied four species of Penicillium isolated 
from blue-veined cheese and inoculated into sweet skimmilk and 
Czapek’s medium containing 4, 8, 12, and 16 per cent of salt. The 
salt decreased the power to digest casein as well as the growth of these 
organisms. 
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Observations have been made in a general way upon the effect of 
salt on the appearance of mold in butter. Alvord (2) reported that 
unsalted butter exported to England from the United States became 
moldy. Dean and Harcourt (29) found that salt was more effective 
in preventing mold than other preservatives. Burr and Wolff (19) 
(20) reported that salted butter with a normal curd content was not 
an exceptionally good substrate for molds and that mold spores could 
not germinate well when 2 per cent salt was present in the butter. 
Species of Mucor did not develop in salted butter and the growth of 
Penicillium was retarded. Rahn, Brown, and Smith (101) found 
that Oidiwm lactis increased in unsalted but not in salted butter. The 
keeping quality of butter and margarine was improved when they con- 
tained about 3 per cent of salt according to Fischer and Gruenert (48). 
Hastings (59) held the opinion that mold spores could not germinate 
in salted butter. Combs and Eckles (23) also concluded that the salt 
content of butter had a considerable influence upon the development 
of mold. Jacobson (62) reported that vegetable margarine was well 
preserved only when salt or other preservative was dissolved in the 
water droplets so that the molds were restrained. Abbott and Ashen- 
felter (1) made the observation that mold counts increased more 
rapidly in unsalted than in salted butter. The idea that heavy salting 
of liners, wrappers, tubs, etc., as well as the soaking of parchment 
paper in brine decreased the possibilities of the development of mold 
upon the surface of butter or package has been upheld by anonymous 
writers (4), (6), (7) and by Boggild (13), Burr (18), Davis (27), 
Dean (28), Ibsen (61), Rogers (108), and Zoffman (148). 

More detailed studies of salt effects, with special reference to the 
butter industry, have been undertaken. As reported elsewhere, Siedel 
(124) attributed to the action of molds, the roquefort, turnipy, or 
beet flavor that developed in granular butter immersed in 10 per 
cent and saturated brine. While he did not record actual visible growth, 
he implied that some development had occurred. Gripenberg (53) 
made use of a butter “serum,” which consisted of the portion of but- 
ter removable after butter was melted and most of the fat decanted. 
When this serum contained 18 and 20 per cent of salt, molds (Peni- 
cillium sp. and Trichosporium sp.) were found growing in it after 
5 to 6 months. When this material was diluted, the fungi grew much 

better. Hanging drops of butter serum containing 0, 10, and 25 per 
cent of salt were inoculated with Penicillium crustacewm and Tricho- 
Sporium collae. In the unsalted serum, growth was active after 9 days 
for both types; with to per cent salt the growth was slight; with 25 
per cent no signs of growth were evident. Parchment paper dipped 
in salted butter serum showed no molding in the 24 per cent serum 
but increasingly heavy growth with decreasing amounts of salt. McKay 
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and Larsen (79) studied the growth of Penicillium glaucum in media. 
containing various quantities of salt. The growth after 2 days was 
luxuriant with less than g per cent salt present, noticeable with 9 per 
cent, but only a trace with 10 per cent salt. Fettick (45) followed the 
development of Oidium lactis and Penicillium glaucum in unsalted 
butter and in butter containing 3 per cent salt by plating samples at 
the beginning of the storage period and after 7 weeks, 2 months, and 
4 months. In the salted butter the molds decreased immediately and 
disappeared within the 2 months; in the unsalted sample, they increased 
steadily. He also prepared sterile butter containing 0, 0.5, I, 2, 3, 
4, 5, and 6 per cent of salt. These samples were inoculated with 
Oidium lactis, Mucor mucedo, and Penicillium glaucum and stored 
for one week in a dark place at 17° C. Platings were made at the 
end of this period. All three species decreased in proportion to the 
increased percentage of salt. No growth appeared in samples con- 
taining 4 per cent or more of salt. The effect of various percentages 
of salt in Czapek’s medium was studied by Thom (138). Petri plate 
cultures were prepared of twenty-one species of Penicillium and ten 
of Aspergillus, using Czapek’s solution with and without agar, and 
containing 10 per cent of sodium chloride. After 19 days all the 
Penicillium and Aspergillus cultures had grown on the solid medium, 
but only sixteen of the Penicillium and nine of the Aspergillus cul- 
tures in the liquid. The extent of growth varied with the different 
species. Growth of P. pinophilum, P. lilacinum, P. luteum, P. digi- 
tatum, P. purpurogenum, P. roseum, P. duclauxu, A. nidulans, A. 
fumigatus, and a check culture of O. lactis was stopped or reduced 
to a negligible amount in the liquid medium. Further, twelve species 
of Penicillium were inoculated on Czapek’s medium containing 0, 5, 
ro, and 15 per cent of sodium chloride. After 34 days, growth had 
occurred in all samples reported. There was relatively less develop- 
ment, however, with increasing percentages of salt. It was determined 
that Oidium lactis was reduced to negligible growth when the amount 
of salt exceeded 6 per cent. 

Thom and Shaw (140) investigated the growth of three cultures 
of Alternaria, four of Mucor, two of P. roquecforti, and individual 
cultures of the following, Cunninghamiella sp., Fusarium sp., O. lactis, 
Penicillium sp., P. expansum, P. stoloniferum, P. chrysogenum, P. pur- 
purogenum, Rhizopus nigricans, Trichoderma sp., and a red mold on 
Czapek’s agar containing 6.5 per cent and 14.4 per cent of salt. The 
plates were kept in a moist chamber. All grew in 6.5 per cent of salt, 
Oidium least and Penicillium most. In 14.4 per cent of salt, Alter- 
naria and Penicillium alone developed, the latter showing the better 
growth. In an 18 per cent salt Czapek’s agar, three species of Peni- 
cillium and Aspergillus repens grew; in 21 per cent the spores of P. 
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chrysogenum were the only ones to germinate. Thom and Shaw noted 
that the growth was better on salted agar than on salted butter of the 
same percentage of salt. Denning (30) found butter in good condition 
after 8 months’ storage at 50° F. in a 20 per cent solution of sodium 
chloride. Later experiments (31) indicated that butter kept in 30 
per cent of salt had been preserved in good condition. Hormodendrum 
cladosporioides cultures were seeded by Boekhout and de Vries (12) 
into a medium containing peptone, levulose, and nutrient salts and 
varying quantities of sodium chloride. Five cultures grew in the 
medium containing 13.4 per cent salt, four in 14.3 per cent, two in 
16 per cent, two in 17 per cent, and none in 18, 19, or 20 per cent’. 
Samples of butter containing 0, 2, 2.5 and 3 per cent of salt were 
placed in Erlenmeyer flasks at 21° C. and held for one month after 
being inoculated with two Hormodendrum cultures. Growth occurred 
only on the unsalted butter. It is evident that Boekhout and de Vries 
obtained better growth on the salted, synthetic medium. 

Paraschtschuk (90) (91) studied the growth of several species of 
mold on malt agar containing varying percentages of salt and found 
that Penicillium glaucum and Cladosporium herbarum nigr. were able 
to develop when the salt concentration was as high as 18 per cent. 

According to the foregoing evidence, the influence of salt varies, 
however, depending upon the species and the substrate. Altho unsalted 
butter is most commonly affected, mold often appears on salted butter. 
This occurrence demands explanation. 

Degree of acidity—Schaffer (115) stated that the growth of 
molds was rather favored by the low acidity of butter made from pas- 
teurized cream. According to Laxa (73) the presence of lactic acid did 
not hinder markedly the peptonization of casein by molds. In studies 
carried on by Boekhout and de Vries (12) two cultures of Hormo- 
dendrum cladosporioides were grown on a base medium containing lactic 
acid. One culture was checked by 0.75 per cent lactic acid; the other 
not until the percentage of acid reached 1.0 per cent. 

None of these investigations were based upon carefully controlled 
conditions in butter, so give no satisfactory idea of the effect of acidity 
in butter upon the growth of molds. 

Many papers dealing with the effect of hydrogen-ion concentration 
upon the development of molds have been presented in recent years. 


_ Only two are mentioned here. Gustafson (55) studied the effect of 


various hydrogen-ion concentrations upon the respiration of Penicillium 
chrysogenum. He found that the rate of respiration was not affected 
within the range of pH 4.0 and pH 8.0. Johnson (64) at the Iowa 
station, reviewed previous investigations and reported that the acid and 
alkaline reactions inhibiting the growth of seven molds ranged from 
pH 1.6 to pH 11.2 depending upon the species. 
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These investigations indicate that most molds grow over a wide 
range of hydrogen-ion concentrations. Most species are favored by an 
acid med'um, and the limits of acidity reached in ordinary butter are 
such that the hydrogen-ion concentration, as such, should not have much 
influence on mold development. The nature of the substances bringing 
about the changes in pH appears to be of much greater significance. 

Light.—Altho the general opinion, expressed by Rogers (108), 
that molds developed much better in the dark than in the light, has been 
held by most investigators, Kolkwitz (67) and Maxinow (82) sug- 
gested that at times light accelerated the metabolism of fungi. In 
practice, however, butter is kept in packages and in storage rooms where 
light does not gain direct access to it. Consequently, light would not be 
expected to influence the growth of molds on butter. 

Vitamins.—There have been some investigations into the effect 
of growth-stimulating substances, such as vitamins, upon the develop- 
ment of molds. Linossier (77) pointed out that Oidium lactis, Asper- 
gillus niger, and Penicillium glaucum were able to grow in pure culture 
in media lacking vitamins but containing necessary nutrients. When the 
nutrients were greatly reduced, the addition of vitamin-containing sub- 
stances, such as orange juice, sometimes stimulated growth. Lepeschkin 
(75) reviewed the literature on the subject and concluded that vitam‘ns 
were not of great importance in the nutrition of molds. 

At any rate, butter ordinarily contains vitamins and in sufficient 
quantities and variety to satisfy the slight demands of the fungi. 


Species of Molds Isolated from Butter 


Many species of 1rolds have been isolated from butter but they have 
not always been shown to be the specific causes of defects in appear- 
ance, flavor, or aroma. The species of molds are important, as one 
must determine what types actually grow in butter even under the 
most favorable conditions. Many forms encountered when butter is 
plated may exist in butter only in the form of spores, which do not 
germinate under the conditions existing in the product. Every species 
should be studied to determine whether or not it can develop in ordinary 
butter. 

It is not necessary to present anything more than a catalog of some 
of the species that have been isolated from butter, giving the species 
name applied by the investigator who reported it and the key number 
to locate the authority in the bibliography. In addition, attention may 
be called to the fact that See (119) described several species isolated 
from paper. It is possible that some of these might be found on parch- 
ment paper used for wrapping butter. 
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Alternaria sp. (22) (140); Aspergillus sp. (18) (26) (90) (91) 
(128) (129) ; Aspergillus flavus (9) ; Aspergillus glaucus (113) (129); 
| Aspergillus niger (19) (62); Aspergillus oryzae (9); Botricanus 

scostan (90) (91); Botrytis sp. (58); Chaetomium sp. (36); Clado- 
Sporium sp. (90) (91) (129) (140); Cladosporium butyri (62) (63); 
Cladosporium herbarum (80) (90) (91); Coniosporium sp. (26); 
Comothecium sp. (26) ; Dematium sp. (70) ; Dematium pullulans (80) ; 
Epicoccum sp. (22); Eurotium repens (68); Eurotium rubrum (68; 
Hormodendrum cladosporioides (12); Monilia sp. (83) (90) (91) 
(96); Monilia alba (¢o) (91); Monilia candida (90) (91); Monilia 
roseum (90) (91); Mucor sp. (18) (22) (53) (56) (58) (Go) (91) 
(105) (140); Mucor hiemalis (go) (91); Mucor mucedo (5) (19) 
(46) (57) (133); Mucor petrinsularis (36); Mucor racemosus (90) 
(91); Mucor spinosus (36); Mucor sylvaticus (90) (91); Oidium 
lactis (5) (8). (22) (39) (45) (58) (63) (83) (86) (87) (88) (8)) 
(90) (91) (96) (tor) (105) (113) (133) (140); Oidium variicolor 
(97) ; Oospora ruberrima (111) ; Penicillium sp. (18) (19) (26) (35) 
(53) (58) (90) (91) (105) (128) (131); Penicillium brevicaule 
(142) (144) ; Penicillium chrysogenum (139); Penicillium crustaceum 
(53) Penicillium expansum (140) ; Penicillium glaucum (5) (9) (19) 
(36) (39) (40) (45) (46) (62) (63) (70) (90) (91) (113) (129) 
(130) (133); Penicillium olivaceum (?) (80); Penicillium roquefortt 
(22) (70) (140); Rhizopus arirus (90) (91); Stemphylium butyri 
(93) (123) (140); Sterigmatocystis sp. (36); Stilbaciae graphium 
(90) (91); Trichosporium collac (53); Verticillium sp. (36). 


EXPERIMENTAL 
Purpose of Study 


The purpose of the studies reported on subsequent pages was to 
determine the influence of certain factors upon the growth of molds 
with special reference to their development in butter; and to investigate 
some of the basic considerations with a hope that the results might 
offer opportunities for their interpretation in terms of the complex 
inter-relationships of the various factors that appear to be operating 
in such a valuable and concentrated food as butter. It was anticipated 
that many phenomena would appear to throw light on some of the per- 
plexing problems at present recognized and to serve as bases upon which 

- further studies might rest. 


Method of Procedure 


In the beginning, it was necessary to decide what factors appeared 
to be most important in their influence upon the growth of molds, par- 
ticularly in butter. These were as follows: (1) Food supply, (2) mois- 
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ture, (3) temperature, (4) atmosphere, and (5) miscellaneous chemical 
and physical factors, especially the effect of various concentrations of 
sodium chloride. 


Species of Molds Used in Experiments 

In order to have one fixed condition throughout the experiments, 
ten species of molds were selected to be used in the studies. These 
cultures were representative of types of molds found commonly in but- 
ter. As a convenience in the presentation of the experimental data, 
reference will be made to them by number. These cultures and their 
corresponding key numbers are as follows: 


. Alternaria humico’a Oudemans 

. Aspergillus flavus Link 

. Aspergillus niger Van Tieghem 

Hormodendrum cladosporioides (Fresenius) Saccardo 
Mucor sylvaticus Hagem 

Oospora lactis var. A. (Fresenius) Lindau 
Oospora lactis var. B. (Fresenius) Lindau 
Penicillum biforme Thom 

Penicillium expansum Link 

Rhizopus migricans Ehrenberg 


oO 
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The Mucor and Rhizopus stock cultures were carried on potato- 
dextrose agar, the Oospora cultures on whey agar, and the rest on 
Czapek’s agar. These med'a gave the most luxuriant growth for the 

5 5 
particular species. Inoculations in the various experiments were made 
directly from cultures 10 days to 2 weeks in age, particular care being 
taken to transfer none of the culture medium. 


Methods Employed in Experiments 


The methods employed for preparing the different substrata, for 
maintaining the desired temperature, humidity, etc., will be discussed 
under the respective subdivisions of the material presented. 


Manner of Recording Results 


The extent of growth made by the ten species on different sub-_ 
strata and under other varying conditions will be recorded uniformly © 
by the following symbols: 

— No visible growth 
+ Questionable growth 
+ Slight, visible growth 
++ Moderate growth 
+++ Abundant growth 
++-+-+ Normal growth 

Note: Wherever these symbols are in parentheses, they indicate sub- 

surface growth. 
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In a similar manner, the color produced by the cultures under the 
-various conditions will be registered according to the following 


i 


symbols : 


W —White B Black 
Y —Yellow Br—Brown 
G —Green C —Cream 


EXPERIMENTAL RESULTS 


The experimental data will be presented under the following sub- 


divisions : 


A. Food supply 


I 
2 


7a 


4 
5 


. Fats and related substances 

. Proteins and related substances 

. Carbohydrates and related substances 
. Mineral constituents 

. Combinations of I, 2, 3, and 4 


B. Moisture 


I 


2 


. Moisture in substrate 
. Moisture in atmosphere 


C. Temperature 
D. Atmosphere 
1. Ordinary air supply 


2 
4} 
4 


. Reduced air supply—partial vacuum 
. Partial removal of carbon dioxide 


. Removal of oxygen 


FE. Miscellaneous chemical and physical factors 


I 


. Salt content 


A. Food Supply 


The primary requirement for the growth of microorganisms is a 


satisfactory food supply 


Butter furnishes a variety of foodstuffs, prin- 


cipally fat, but also proteins, carbohydrates, and mineral salts in varying 
amounts. Each of these constituents has been studied as a source of 
food for the ten species of molds previously selec‘ed. 


I, 


drawn from the funnel. 


Fats and Related Substances 


a. Fresh Butterfat ‘ 

Methods. Fresh unsalted butter was melted at a temperature of 
50° to 55° C. and placed in a warm, separatory funnel. The curd and 
water that settled out were drawn off. The fat was washed five times 
‘in the funnel by shaking with it equal quantities of water at 60° to 
653° C. After each washing, the mixture was allowed to stand until 
the layers of fat and water were distinct, whereupon the water was 


The washed fat was tempered to 55° C. and 


left at this temperature for 24 hours, during which time it was filtered 
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through filter paper to remove traces of water. The filtered fat was 
tubed in 10-cc. amounts and autoclaved. When ready to use, the fat 
was melted and poured into sterile petri plates and solidified quickly. 
Analyses of the autoclaved fat showed it to be water-free. The cultures. 
were streaked across the surface of the fat as uniformly as possible. 
The plates were placed in piles on a rack in a humidor consisting of a 
10-gallon, covered earthenware crock in the bottom of which was a 
one-inch layer of water containing sufficient bichloride of mercury to 
maintain it as a sterile fluid. The relative humidity, determined by a 
wet-dry bulb hydrometer, was maintained at 100 per cent. The tem- 
perature of incubation ranged from 20° to 25° C. 


TABLE I 


GrowTH oF Motp CuttTuRres ON FRESH BUTTERFAT 


Extent of growth at 20-25° C., high humidity, after 
Culture 4 days 1week 2 weeks 3 weeks 4 weeks 6 weeks 6 weeks 
Visible ~~ Microscopic 
1. Alternaria humicola ..... — 
2. Aspergillus flavus ....... 
3. Aspergillus niger ....... +B 
4. Hormodendrum 
cladosporioides ........ = = 
5. Mucor sylvaticus ........ — + + a + + 
6. Oospora lactis var. A. .. 
7. Oospora lactis var. B. .. 
8. Penicillium biforme ..... 
9 
Cy) 


. Penicillium expansum .... = 


}t++14+ +1 


. Rhizopus nigricans ..... 
heck. everscvctemtarteracasists — — se = cat 


| 


Results. The extent of growth in the fresh butterfat is indicated 
in Table I. After one week the only visible growth was noted with 
Culture 5 and it was evident that development was restricted to the 
point of inoculation, where sufficient residual nutriment may have been 
present in the mycelium inoculated. At the end of 6 weeks, Culture 3 
had produced a few black sporangia; Culture 5 had shown no further 
increase, rather a slight diminution in the mass of growth. A micro- 
scopic examination of the plates after 6 weeks incubation revealed signs 
of germination of the conidia in Cultures 3, 4, 5, 7, 8, and 9, but very 
little hyphal development except in Culture 5, where the mycelium had 
developed extensively. 


b. Old Butterfat 


Methods. The method for preparing the old butterfat was the same 
as that described for fresh butterfat. The butter used was unsalted, 
one month old, and decidedly cheesy in flavor. The surface was dis- 
colored with spots of mold. The conditions for inoculation and incu- 
bation were the same as those for the fresh butterfat. 
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Results. As shown in Table II, growth was evident after 4 days 
in Cultures 3 and 8, but again this development was at the point of 
inoculation. Culture 3 produced a few black sporangia; Culture 8 
formed a light green spot. At the end of one week, Culture 10 showed 
slight aerial mycelium, which disappeared within the following week. 
Culture 1 began to produce a green spot after 3 weeks. This became 
deeper in color during the subsequent period. Culture 9 developed a 
small green spot after the third week. A dark green streak appeared 
along the line of inoculation in Culture 4 at the expiration of the 6 
weeks. The microscopic examination indicated that Cultures 1, 2, 3, 
4, 8, and g had made slight growth during the trial. In general, the 
growth on this type of butterfat was somewhat better than that on the 
fresh butterfat. 


TABLE II 


GrowTH oF Mortp CuLturEs oN OLD BUTTERFAT 


Extent of growth at 20-25° C., high humidity, after 


Culture* 4days 1week 2 weeks 3 weeks 4 weeks 6 weeks 6 weeks 
Visible Microscopic 
BEANE. MUMIICOLG) sale slavejs)es > + — - = +G + + + 
GDS Micra cks.nis e0i;ee ace-3 a aie 
PMSA Icha Wai sire e Sdn oye +B + om + + + = 
. cladosporioides ....... — — _ — — +G + 


A 

igh 
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Orlactis War. A iccc.s - — 
O 

js 

P. 

R 


BETAS HOOP: Biv vessereccie oi» . 
BOL ONINGL wlerct oie: ips 56 'o0 +G + + + + + 
BTCLPAWSUIN) cic e sicie «+s +G + 
SURMIEGEECIIES: sls sreve ose aint — + W 
NOW CGR Ne helniels) tise ot = 


CONT ON ee ates 


H 


* Abbreviations used in this and subsequent tables are as follows: Alt.=Altermaria, 
A.=Aspergillus, H.=Hormodendrum, M.=Mucor, O.=Oospora, P.=Penicillium, R.— Rhizopus. 


c. Butterfat from Washed Cream 


Methods. Four pounds of 30 per cent sweet cream were diluted to 
3 gallons with ordinary tap water and heated to 35°C. The diluted 
cream was then separated in a centrifugal separator. The resultant 
cream was again diluted in the same way, heated, and separated. The 
process was repeated until the cream had been diluted and separated 
ten times. The cream that was finally obtained was placed at 12° C. 
and allowed to stand over night. During this period the fat had formed 
a solid mass, floating above a slightly cloudy serum. The mixture was 
heated to 50° C. and placed in a warm separatory funnel. In this way 
it was possible to remove the serum. The fat was washed five times 
with water at 60° to 65°C. Thereafter, it was placed at 55° C. for 
24 hours, during which time it was allowed to filter through ordinary 
filter paper. An analysis showed that all water had been removed. The 
fat was placed in test tubes and autoclaved: When desired for use the 
fat was melted, poured into petri plates, and solidified promptly. Con- 
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ditions of inoculation and incubation were the same as those described 
in the preceding experiments. 

Results. As in the previous experiment, Cultures 3 and 8 gave evi- 
dence of growth after 4 days, according to the data presented in Table 
III. Culture 10 had developed a noticeable aerial mycelium during this 
period but, as happened before, this mycelium gradually disappeared- 
A scanty aerial mycelium was sent up by Culture 5 after one week, but 
this likewise disappeared after 4 weeks. A green streak following the 
line of inoculation of Culture 4 appeared at the end of 4 weeks, while 
Culture g had produced a slight green spot during the same period. 
The microscopic examination made after 6 weeks showed that Cultures 
2, 3, 4, 5, 8, 9, and 10 had been able to develop slightly near the point 
of inoculation. 


TABLE IIL 


GrowtH oF Motp CuLtTuRES ON BUTTERFAT FROM WASHED CREAM 


Extent of growth at 20-25° C., high humidity, after 


Culture 4 days 1week 2 weeks 3 weeks 4 weeks 6 weeks 6 weeks 
Visible Microscopic 
a, Alt. “humicola) . esc. ae — 
Qe as AOUUS «Mic aya sel wient ere fore = — — = — a a 
Se er Yolo ees A es aS +B a + + 4- + ed 
4. H. cladosporioides ....... _ _ a + “EG =e ae 
5. M. sylvaticus ...0:.2.2.. = +W = + + — + 
6.0} lactissvar Ae we cincienies a = ae 
eNO ACES: WO wiBoa totes otal ee = se, 
Ele Leah iGhtiee NO oe ba necdoe +G + aa + aie + sh 
9. P. expansum .....+..+0 = =_ — + +G + a8 
ROD I MIGTICONS ia eyny<iciolsiviaions -_W + — = = = =F 


(@) Te Korte Meakin ot — = = = 2 


d. Butterfat Washed with Alcohol 


Methods. A portion of the fresh butterfat used in the experiment 
reported in Table I was mixed with equal parts of 95 per cent ethyl 
alcohol and shaken thoroly. The fat was drawn off by means of a 
separatory funnel, placed at 55° C. and filtered through paper, after 
which it was placed on a water bath to drive off any remaining alcohol. 
The final analysis showed no traces of water in the fat. The fat was 
tubed and autoclaved. When desired. it was melted and poured into 
petri dishes, where it solidified. The fat was inoculated as described 
in preceding experiments. 

Results. Table IV gives the results of the experiment. Culture 3, 
as before, produced a few black sporangia after 4 days. At the end of 
one week, Culture 5 had sent forth scanty aerial mycelium but, as had 
happened in the previous experiments, this disappeared after 4 weeks. 
Culture 2 appeared to grow on this preparation of butterfat and after 
one week a few yellowish-green sporangia were visible. After 3 weeks, - 
Culture 4 developed to such an extent that green streaks were evident, 
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and Cultures 8 and g produced green spots. Finally, at the end of 6 
weeks, Culture 1 produced a small green spot. The microscope re- 
vealed extensive development of Culture 4 and slight mycelial growth 
of Cultures 1, 2, 3, 8, andg. In general, the growth was slightly better 
in the fat washed with alcohol than on the other preparations. 


TABLE IV 
Growtu or Morp Cuttures oN ButtTerRFAt THAT Hap BEEN WASHED WITH ALCOHOL 


Extent of growth at 20-25° C., high humidity, after 


Culture 4days 1week 2 weeks 3 weeks 4 weeks 6 weeks 6 weeks 

j Visible Microscopic 
Me Ale RUANUCOIA. 2 oF icia cit <u ole _ — _— — _ +G + 
PNMRPCA ROCESS fae 5° 4p504,4:'wa nl 0s) s — +G de + + + a 
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4. H. cladosporioides ....... — — _ +G + + aba 
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e. Fresh Butterfat Plus Water 


Methods. The fresh butterfat, as prepared in experiment ‘“‘a” de- 
scribed previously, was used in the trial. In order to provide a sub- 
strate in which the fat and water might be more intimately associated 
and in a more finely divided state, a medium containing 1.5 per cent 
of washed agar was prepared. Fifteen grams of Bacto agar were 
placed in a cloth bag and suspended in running water over night in 
order to remove some of the soluble and finely divided impurities. After 
the washed agar had been dried at 55° C. it was weighed and sufficient 
distilled water added to make a 1.5 per cent concentration of agar. This 
became a substrate, which supplied sufficient water but little nutriment. 
Similar batches of the same medium were prepared at various times, 
some containing 1.0 per cent and some 1.5 per cent of agar, depending 
upon circumstances. This medium was placed in test tubes in measured 
amounts and autoclaved. When ready for use in comb‘nation w'th te 
fat, the agar and fat-were melted and the butterfat was added to the 
agar in the proportions of four parts of agar to one part of fat. The 
mixture was shaken thoroly until the fat was in a finely divided state, 
then poured into petri dishes and cooled on cold surface as quickly 
as possible. The droplets of fat were evenly dispersed throughout the 
solidified agar. The fat-agar mixtures were inoculated by streaking the 
cultures across the surface. The plates were stored at room tempera- 
ture (20° to 25° C.) for 4 weeks at a relative humidity varying from 
60 to 65 per cent. 

Results. The fact that molds made very meager growth on the 
washed agar substrate is indicated in Table V. The results reported 
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are representative of other lots of the same medium used in later ex- 
periments. Very slight growth was obtained at any time, and in most 
cases it was barely visible, especially on the surface, altho a slight pene- 
tration of the mycel'um below the surface was noted in some instances. 
As shown in Table VI, the presence of water led to much more ex- 
tensive growth of all the cultures except 6 and 7. Cultures 1, 3, and 4 
grew especially well. It is significant that Cultures 8 and 9 were able 
to produce a more or less typical odor of Roquefort cheese before any 
growth was visible. 


TABLE V 
GrowTtH Or Moip CuLtTurREs ON 1.5 PER CENT WASHED AGAR SUBSTRATE 


Extent of growth at 20-25° C., ordinary humidity, after 


Culture 4 days I week 2 weeks 3 weeks 4 weeks 4 weeks 
Visible Microscopic 

1. Alt. humicola’ ..<.... + W + + ae oe ai 
DAL GUIS di aeie me crete + + + 28 ai 4. 
BCA MiG OT Taree cell dickear + + + ae sie ah 
4. H. cladosporioides .. + oa + = aie ae 
5. M. sylvaticus ...... +W a + + + ab 
6. O. lactis var..A. ... — = a = pis Lf 
7. O. lactis var. B. ... — = == is xf mt | 
Ge PS DUPOTANIE aiein sini sis 3 + ae ate as =f 
Qo. P. erpancum wivsiss + + os + =e as 
TO. KR. migricans ....0.0 + W + ae ab ate ae 

(G) To Sea aren, Sate _ — — =, ea ee 

TABLE VI 


GrowTH oF Morp Cuttures oN A MIXTURE Or 1.5 PER CENT WASILED 
AGAR AND FresH BUTTERFAT 


(4 parts of agar medium: 1 part of butterfat) 


Extent of growth at 20-25° C., ordinary humidity, after 


Culture 4 days 1 week 2 weeks 3 weeks 4 weeks 4 weeks 
Visible Microscopic 
1. Alt. humicola ...... +W + aL LG Breet doe se 
Bie Ale GUUS) "e\etern'n stete ass — +Y +YG ak di ais 
Bi Ah MAGE A Piel ea aieie +B ++ ++ eeete ate te ate 
4. H. cladosporioides .. ofr ++G ++ dak hie As 
5. M. sylvaticus ...... +W J- + aL ae ae 
6. OF lactis var. An wc. _— = = = a Be 
7. O. bectis var. By .=. —_— — = a = et 
SP. biforme: oo .css eh —* +G + ate zt, oe 
9: PP. eXPANSUM 2.2.0. —_* +G + oe —— ie y, 
10, R. nigricans ...... + W 4- + ak ae oe 


(QUitss Se aAce o otro — _— 


* Roquefort odor. 


f. Old Butterfat Plus Water 


Methods. The procedure was the same as that just described under 
“e” except that the old butterfat prepared for experiment ‘“b” was 
employed. 

Results. The growth of the molds on old butterfat was increased 
when water was present, as the data in Table VII indicate. The de-. 


es at 
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velopment of Cultures 1, 3, and 4 was particularly good. Cultures 6 
and 7 failed to grow. It may be noted that the Roquefort cheese odor, 
which appeared in the fresh butterfat with water in the case of Cul- 
tures 8 and 9, was not evident in the old butterfat-water mixture. 


TABLE VII 


GrowtH or Morp Cuttures on A MIxtuURE OF 1.5 PER CENT WASHED 
AGAR AND OLp BUuTTERFAT 


(4 parts of agar medium: 1 part of butterfat) 


Extent of growth at 20-25° C., ordinary humidity, after 


Culture 4 days 1 week 2 weeks 3 weeks 4 weeks 4 weeks 
Visible Microscopic 

t. Alt. humicola ...... +W + ++G ++ Sao a 
Cy — -- +YG + + — 
Ramet HAGCT vole aia ta.ai's een +B 4+ 4 +4 ++ ae 
4. H. cladosporioides .. of ++G ++ a ++ oo 
Be. siluaticus «.i... +W + + 4 + a 
6. O. lactis var. A. ... — _ — = ze = 
TO GCS Var. Bo). « — _ — -- on — 
Be. Dorm ics owes “= — +G + + + 
9. P. expansum ...... — -- +G 4+ + + 
fo. KR. Rigricans .<..-..- +W +> + 4 + + 

( B) Wiles (ee _ — = = = = 


g. Alcohol-Extracted Butterfat Plus Water 


Methods. The method of preparing the substrate was the same as 
that described in “e” except that the butterfat washed with alcohol (see 
experiment “d”) was used. The methods of inoculation and incubation 
were the same as those followed in experiment “e.” 

Results. The growth of Cultures 1, 2, 3, and 4 was quite extensive, 
as shown in Table VIII. As before, Cultures 6 and 7 showed no signs 
of development. The Roquefort cheese odor was apparent in Culture 8 
at the end of 4 days. In general, the growth was practically the same 
as when water was added to the fresh and old butter fats. 


TABLE VIII 


Growtu oF Morp Cuttures on A MIxTuRE oF 1.5 PER CENT WASHED 
AGAR AND ALCOHOL-WASHED BUTTERFAT 


(4 parts of agar medium: 1 part of butterfat) 


Extent of growth at 20-25° C., ordinary humidity, after 


Culture 4 days 1 week 2 weeks 3 weeks 4 weeks 4 weeks 
Visible Microscopic 

1. Alt, humicola ...... +W + ++G SEaE Tae ae 
2 Fils ERTS ae gee Boge +Y ++YG 4+ Jest dese she 
e6 Ab, TING game OTe +B ++ ++ seas ee + 
4. I1. cladosporioides .. ee ++G ++ aeaie picele ai 
5. M.' sylvaticus ...... +W + ao ate ae + 
GmOMvactisevars An 2. = _ — = =a om 
FeO lactis vars, Bs... — — — = pow = 
8. P. biforme ........ —* +G + oh, Je ae 
9. P. expansum ....... = +G + + + ab 
to. R. nigricans........++ +W “+ + + ate Se 
Ol ire a ae ey OR — = = 5 a ay 


* Roquefort odor. 
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h. One-half Per Cent Aqueous Emulsion of Milk Lecithin 


Methods. A highly purified lecithin obtained from milk by Dr. 
W. E. Petersen and Dr. L. M. Thurston, of the Minnesota Agricultural 
Experiment Station, was emulsified by thoro shaking in water. It 
produced a stable, milky emulsion, which was tubed and autoclaved. 
After sterilization, a flocculent precipitate was formed but it remained 
uniformly suspended after cooling. The emulsion was inoculated from 
the various cultures and left at room temperature (20° to 25° C.) for 
3 weeks, at a relative humidity of 60 to 65 per cent. 


TABLE IX 
GrowtH or Morp Cuttures In 1.5 Per Cent AQuEous SoLuTion or MiLtk LECITHIN 


Extent of growth at 20-25° C., ordinary humidity, after 


Culture 3 days 1 week 2 weeks 3 weeks 
1. Alt. hwmicola ....... — = +W(+-+)* ++(4+-+) 
Bi Lae, GUUS” se caiseaie ~- _ +W(+) ++YG(+) 
5 AP WMIGET. ee wae vores +WB + +(4) +B(+) 
4. H. cladosporioides .. — — +Gi+) +(+) 
5. M. sylvaticus .....+ — — —(+) —(+) 
6. O. lactis var: A. .... — _ —(+) —(+) 
7. O. lactis var. B. ... — — —(+) —(+) 
Creep ONE: Tacs cos) — ++4G ++(+) ++(+) 
9. P. expansum ...... — — + W (+) + (+) 
10 


. R. nigricans ...... —_ _ SEL =e) 
(HECK os eas as. al erp — — = se 


* Signs in parentheses indicate subsurface growth. 
Dp: 


Results. Table IX gives the results obtained with this emulsion of 
lecithin. With Culture 3, a white mycelium and a few black sporangia 
appeared on the walls of the tube just above the surface of the liquid 
after 3 days. Culture 8 produced a good, green surface growth at 
the end of one week. Cultures 1, 2, and g produced white rings near 
the surface of the solution after 2 weeks, but at the end of 3 weeks 
were growing reasonably well on the surface. All cultures showed 
subsurface mycelial development, which was especially good in Cul- 
ture 10. Unquestionably lecithin was a fairly good source of food for 
these species. 


i. One-half Per Cent Aqueous Emulsion of Milk Lecithin in 
1.5 Per Cent Washed Agar 

Methods. A portion of the sterile lecithin emulsion, prepared ac- 
cording to the methods described in the preceding trial, was added to 
an equal amount of melted, sterile, 1.5 per cent washed agar made up 
in 5-cc. amounts in test tubes. After thoro mixing, the medium was 
slanted. The agar slants were inoculated over the surface in the usual 
manner. The tubes were incubated at room temperature (20° to 
25° C.) for 3 weeks at a relative humidity of 60 to 65 per cent. 


Results. It will be noted in Table X that growth began promptly 


in all cases, and became practically normal after 3 weeks with the ex- 


an. 
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ception of Cultures 6 and 7, which already had been shown to do very 
poorly on fat or fat-like substrata. The development of the cultures 
was much better on the solid medium than on the fluid preparation. 


TABLE X 


GrowTH oF Morp CuLtureEs on MIxTuRE OF 1.0 Per Cent WASHED AGAR 
AND 0.5 Per Cent Agurous SoLtution or Mirx LeciruHin 


(Equal parts of agar medium and lecithin solution) 


Extent of growth at 20-25° C., ordinary humidity, after 


Culture 3 days 1 week 2 weeks 3 weeks 

a, Alt: humicola ....... ++W +++G +++ +++ 
Relay PUREE) ay elisvasia-> jes +W ++Y ++YG + 4 
ee WUGCI eae: uae <2. 3 + W +W +B ++ 
4. H. cladosporioides .. +W ++G +++G +++ 
5. M. sylvaticus ...... ++W +++ +-+-+WB +++ 
6. O. lactis var. A. .:. +W + + + 
MaOn lactts: var. BL 3... +W + + oe 
SOeP! buforme . ncens< -+W 4 +G 
9. P. expansum ....... +W + +-+-+G +++ 
10. R. nigricans ....... ++W +++ ++-+WB +++ 

Chet iiais aveicie wie — — : = = 


j. One Per Cent Glycerol in 1.5 Per Cent Washed Agar 


Methods. Chemically pure glycerol was added to melted, sterile, 
I.5 per cent washed agar in amount sufficient to make a one per cent 
solution. This mixture was tubed, autoclaved, and slanted. The usual 
agar stroke was made with each culture. The cultures were then placed 
in a humidor, which consisted of a covered to-gallon metal churn, 
equipped with a false, perforated bottom, under which was: placed a 
quantity of water to which bichloride of mercury had been added to 
maintain sterility. The relative humidity was maintained at 100 per 
cent. The temperature of incubation was 20° to 25° C. and the storage 
period 3 weeks. 

TABLE XI 


GRowTH or Morp Curtures on 1.5 Per Cent WasHep AGAR CONTAINING 
1 Per Cent GLyCEROL 


Extent of growth at 20-25° C., high humidity, after 


Culture 3 days 1 week 2 weeks 3 weeks 
I. Alt. humicola ...... ete Wi =) +(++-+G) +(++-+) 
23 el) SO TSTES 8 OOO + W(+) a HeKGEae) Sees) araeSearar) 
ES Ble) SC cae ais +B(+) +(+) +(++) 
4. H. cladosporioides .. +(+G) oA) ACS) ai araieme) Si rarare) 
5. M. sylvaticus ...... +(+4++) +W(+-+) +(++) = Grae) 
6. O. lactis var. A. ... -+W(+-+) Se((Grae)) aap arar) ARGS pam: 
7. O. lactis var. B. ... -+W(+-+) sera) ae apae) SANGesraee) 
Gs BUOVINE ... iso o6 te +G(+) +(+) +(+) 
Oo: P, expansum %..... SEG) Sr Grats) Sta (cteetarto)) Seipar ae 
to. R. nigricans ........ +W(-+) HES) +(+) +WB(+) 

(Clie Sa oetiars See — — — — 


Results. Table XI gives the results of this experiment. It will 
be observed that Cultures 2, 6, 7, and 10 showed some growth after 3 
days. With the rest, growth became noticeable after one week. How- 
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ever, none of the cultures exhibited any further surface growth except 
Culture 2, which had developed extensively after 3 weeks. The sig- 
nificant result was the extensive subsurface growth of nearly all cul- 
tures. This subsurface development in most cases was much more 
marked than the surface growth. Cultures 1 and 4 produced remarkable 
dark green subsurface mycelium. The same phenomenon appeared in 


aqueous solutions of glycerol, studied in preliminary unreported trials. 


k. One Per Cent Butyric Acid in 1.5 Per Cent Washed Agar 


Methods. Purified butyric acid was added to measured amounts of 
tubed, melted, sterile, 1.5 per cent washed agar medium in quantities 
sufficient to make a one per cent solution. These tubes were shaken 
thoroly and slanted. After inoculation the cultures were placed in a 
metal humidor (described previously) at 20° to 25° C. for 3 weeks, 
and at a relative humidity of roo per cent. 


TABLE XII 


GrowtH or Moxip CuLtures on 1.5 Per CentT WasHeED AGAR 
ConTAINING 1 PER Cent Butyric Acip 


Extent of growth at 20-25° C., high humidity, after 
Culture 3 days 1 week 2 weeks 3 weeks 
. Alt. humicola ...... = _ = = 
WQUU Saker cee ausciese _ _— — pew 
SS AEARTON Uacaketsieeve or ats _ — = = 
. cladosporioides .. _ — — ae 
« SYIVAEICUS 6c ace ns — — = pee 


A, 
A 
H 
M 
O. lactis. var. Ax «a. — — —: ae 
O 
P. 
P 
R 


» lactis war Bs, lee — — — as 
E OIP OWES ie sates — = — ae 
+ CXPANSUM ....--- — — — = 
~ MIGTICANS ...2.+-6 — — es = 


Check aaiiarene siete ero — — = = 


So RIAL EY bm 


” 


Results. Table XII reveals the fact that the cultures under investi- 
gation were unable to develop in this concentration of butyric acid. 
This is in agreement with the results of preliminary studies. 


1, One Per Cent Palmitic Acid in 1.5 Per Cent Washed Agar 


Methods. Purified palmitic acid was added in a sufficient quantity 
to a sterile, melted, 1.5 per cent washed agar medium to make a one 
per cent concentration. After warming the mixture in a steam bath 
until the palmitic acid melted, it was shaken thoroly and placed as 
quickly as possible in sterile tubes. The tubes were rotated thoroly so 
that the acid was fairly well dispersed and the medium solidified as 
quickly as possible in a slanted position. The acid hardened on the 


f 


surface in areas ranging from 0.1 mm. to 5.0 mm. in diameter, with 


equal areas of clear agar between them, while the bulk of the medium 
was clear. The inoculations were made over the surface in such a 
way that the cultures covered representative areas of the solidified acid. 


2) 


; 


e 
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The tubes were incubated under the conditions prevailing in the previous 
experiment. 

Results. The growth on the medium containing palmitic acid as 
the source of nutriment was fairly good, as shown in Table XIII. All 
cultures exhibited some surface growth, which was much better than 
that obtained on the agar checks. The remarkable feature of this series, 
however, was the extensive development of Cultures 1, 2, 4, 5, 6, and 
10 below the surface. The mycelium grew directly away from the 
surface of the slants and in Cultures 1 and 4, the hyphae were dark 
green. 


TABLE XIII 


GrowtH or Moxrp CuLtureEs on 1.5 PER Cent WasHED AGAR 
CONTAINING 1 Per Cent Patmitic AcIpD 


Extent of growth at 20-25° C., high humidity, after 


Culture 3 days 1 week 2 weeks 3 weeks 
1. Alt. humicola ...... +W(++G) SEG Cee) Ease) +(++) 
BCA AGUUS | G1. 0 ays.0'e +W(4+-+) +YG(++) aniGrar), eta t==t—)) 
Ae IG EN) ster. 1s saec0i +W(+) SBC) =iCata) + (+) 
4. H. cladosporioides .. -+W(+) +G(++G) Ge) + (++) 
5. M. sylvaticus ...... = MGeSe) ilar) ete Cateat) Fear taP ae) 
6. O. lactis var. A. ... —(+) +W(+) S(Gesey) Sea) 
7. O. lactis var, B. ... —(+) Sia aia) Sia tee) SC) 
8, Ps biforme «o. 650s — + G(=P), a ee) + (4+) 
0. Piierpansum <2 .«.. — +G(+) +(+) +(+) 
to. R. nigricans ....... +W(+-+) ++ (4-4) ++WB(+-+) ++(++) 

hele strc cts cies a _ _ = = 


m. One Per Cent Stearic Acid in 1.5 Per Cent Washed Agar 


Methods. The one per cent concentration of stearic acid in 1.5 per 
cent washed agar substrate was prepared in the same manner as the 
preceding mixture of palmitic acid and agar. The emulsion obtained 
in this case, however, was more uniform. The medium became very 
cloudy. Inoculation and incubation conditions were identical with the 
foregoing “k” and “1.” 


TABLE XIV 


Growtu or Morp CuLttureEs on 1.5 PER CentT WasHED AGAR 
ConTAINING 1 PEx CENT Stearic ACID 


Extent of growth at 20-25° C., high humidity, after 

Culture 3 days 1 week 2 weeks 3 weeks 

Alt. humicola ...... + W +W +WG +G 
PP QQUS. vez h starscos — = = a 
PING EN ch ine vere — bs ze oc 
. cladosporioides .. _ = 5 ae 
VSVIUAtICUS bin... — = ao = 
tilactis var. A... — = =e =e 
. lactis. var. B. ... a = = = 
BLOWagme” cc. b ose — = oe ae 
» CXPANSUM ......- — =- oo ae 

MIGYICANS 3.02.2. — = Bes 

RC GICE eye stances S _ = = Be 


SO PIANO Po 
mUVOOR MAA 


| 
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Results. Table XIV gives the results of this experiment. The only 
surface development observed in this medium occurred with Culture 1, 
where a small area of growth appeared about the point of inoculation. 
The medium was so opaque that it was impossible to determine whether 
any subsurface growth had taken place. 


n. One Per Cent Oleic Acid in 1.5 Per Cent Washed Agar 

Methods. Purified oleic acid was measured into definite amounts 
of sterile, melted, 1.5 per cent washed agar medium in tubes so that 
the concentration of acid was one per cent. The mixture was shaken 
thoroly and solidified as quickly as possible in a slanting position. The 
oleic acid appeared in the surface in clear droplets, approximately one 
mm. in diameter and close together. Conditions of inoculation and 
incubation were exactly the same as in the three’ preceding trials. 


TABLE XV 
Growtin or Mortp Curtures on 1.5 Per Cent WasuHep AGAR 
ConTAINnNInG 1 Per Cent Orerc Acip 


Extent of growth at 20-25° C., high humidity, after 


Culture 3 days rt week 2 weeks 3 weeks 
1. Alt. humicola ...... APA Ate) eae Ge ae ean Sea Caesi) seas ae) 
Bawls PUAOWSE se sais asin) SCG rei) (Giarae» a asin Se) Seer ate ie) 
BA PAGED ae cea rd +B Ea) Ce si Gin ray. 
4. H, cladosporioides .. +G(+-+) +--+ B(--+-G) Sioa eae ai» Siam sie ii ates 
5. M. sylvaticus ...... SEG a) qe Gear) see) Spar arar) 
6. O. lactis var. A. ... —(+) + WiGr->) Sree ae) ota) 
7. O. lactis var. B. ... —(+) Tea) si Games ie) aelGraas=)) 
Soy, WH OAMIE cede. Ge) CA Hei) anG eae) apiaaar) 
9. P. expansum ... 00. —(+) +-G(++) ae See ak 2k) +4 (+444) 
10. R. migricans ....... Pes) 4-4 EF) ++WB(+-+) Sparsese) 

Check ann iasiartatel ues _— — = By 


Results. As indicated in Table XV the growth on this substrate 
was better than that obtained on media containing any of the other 
acids commonly found in butterfat. Surface development was good in 
all except Cultures 3, 6, 7, and 8. The subsurface mycelium was 
remarkably heavy, especially in Cultures 2, 3, 4, 7, and 9. Cultures 1 
and 4 produced their characteristic dark green hyphae in the depth 
of the medium. 


2. Proteins and Related Substances 


a. One Per Cent Aqueous Solution of Peptone 

Methods. A one per cent solution of Bacto peptone was prepared 
in distilled water, tubed, and autoclaved. The peptone solution was 
inoculated in the usual manner with each of the cultures. The tubes 
were incubated under conditions identical with those employed in the 
preceding experiment. 


Results. The growth of the cultures began promptly in this 


solution as indicated in Table XVI. At the end of one week, the de- 


ta 


| 
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velopment of all cultures was good, and in some cases perfectly normal. 
While some subsurface development was noted, it was not nearly so 
extensive as that on the surface. 


TABLE XVI 
GrowtH oF Mortp Cuttures on 1 PER Cent AQuEOUS SOLUTION oF PEPTONE (Bacto) 


Extent of growth at 20-25° C., high humidity, after 


Culture 3 days 1 week 2 weeks 3 weeks 

1. Alt. humicola ...... +W(++4+) ++WG(+4) ++WG ++G 
EAST EEPS. a\a:h is o¥os 2/31 fe ++W +-+WY +++YBr ++++Br 
Seely Ne eon ORO OCOD Smet at) Sips BC) elem ea te eett— tot) 
4. H. cladosporioides .. ++G(+) Seated ST eara(ar) . Syraicamm mere 
5. M. sylvaticus ...... Siete Gatocta) efoater tate) Senior ae) Spee aes Gam) 
Be OD, Manes ties al cs SS aye NAIA een) ta es natn a een) Ul a i lo J Cis) 
7-0. lactis-war. B. ... —+-+W(+-+) 5 Salant as sD) Sige me iaein cata yaataaimalaaie (ott 
Sec ON ONE ele wiase\e < Pa KES) AP a PaG PD) Si cimateta eie aeeste stearate Cit) 
9. P. expansum ....... ++W(+) ++++ +4+++ elastase 
10. R. migricans ....... Bimmlomiet nate stg ictecteste ate Cte) Slmctiemalcoatas Gate tata tiaaimeste OE Cates) 

CHOC Te Fos tetas sate has — — sas es 


b. “Curd” Portion of Butter 


Methods. Fresh, unsalted butter was melted at 60° to 65° C. and 
placed in a warm separatory funnel from which the so-called “curd” 
was withdrawn with ease, as it settled below the melted fat. This 
curd, which consisted principally of protein, was tubed and auto- 
claved. The water content was 86.3 per cent. The curd was inocu- 
lated with the test cultures. The tubes were placed in a humidor (as 
described under the preparation of fresh butterfat), where the relative 
humidity remained at 100 per cent during the storage period. The 
temperature of incubation was 20° to 25° C. 


TABLE XVII 


GrowtH or Motp CuLtures on Curp Portion oF BUTTER 


Extent of growth at 20-25° C., high humidity, after 


Culture 2 days 4 days I week 2 weeks 
t) Alt. humicola ...... — =--- = --G aE ESE tees 
BCA GUUS vastats os chase) Sear wh -+--+--+YG ++++ By Ae 
302 WONG Biko Gab reae +B +++ +44+ ele eneirels 
4. H, cladosporioides .. es Or ++++ steele SL ate. halla ae 
5. M. sylvaticus ...... Sot oi WB ++++ ++++ ae tat SE 
6. O, lactis var. Ay ae ++W +4 eae se tbe Se 
y. O. lactis var. B. ... +W 4 ++-+C Se tea i ae desk 
See OM OKC Ad ect 21 « — +--+ 4-G +++ +4+++4 
9. P. expansum ....... +G ++4+++ ++++ fh ab ee 
fo. Ry nigricans. .|...... +++WB ++++ Se siete thd. 

(ENC Olsens sc tefera eine ae — = = a 


Results. The growth of all cultures, except Cultures 1 and 8, 
became visible within 4 days, as is shown in Table XVII. At the 
end of one week, development was practically normal. The growth 
reached a maximum after 2 weeks and further incubation resulted in 
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no noticeable changes. It will be noted that growth was both rapid 
and luxuriant. 


c. Dialyzed Curd from Butter 

Methods. A portion of the curd obtained by the method outlined 
in the previous experiment was placed in a collodion sac and dialyzed 
in distilled water for 24 hours. It was then tubed and autoclaved. 
The final preparation contained 89.3 per cent water. The conditions 
of inoculation and incubation were identical with those employed in 
the previous trial. 


TABLE XVIII 


GrowTH oF Mortp CuLttures oN DrIALyzeD CuRD FROM BUTTER 


Extent of growth at 20-25° C., high humidity, after 


Culture 2 days 4 days 1 week 2 weeks 
t Alt. humicola’....<% — +++G ++++ 444+ 
CRA MG URS | ncls cisid erie. +W +++YG ee Jets 
3: A miger <.sccan sch +W ++++B +++4 see te 
4. H. cladosporioides .. ++-+G +444 ob SS Eee semeaee 
5. M. sylvaticus ...... ++W +++-+WB 4+444+ +4+++ 
6. O. lactis var. A, ... +W ++ +++ peat 
7- O. lactis var. Bi... +W +--+ Eee tL ase, 
Sip Pam OURO Ee wri rrlatera as = +++G eS eee Sian eet 
9. P. expansum ...... _ +4-+G ee te oflethod 
10: R. nigricans ....... +W +++WB +4+4+4+ +444 

Check ee semisc-tten -- = = ab 


Results. The growth of the molds did not begin as promptly as it 
did on normal curd preparations, as indicated in Table XVIII. After 
4 days, however, the growth was marked and after one week it reached 
a maximum. In general, the development was not quite so vigorous 
as that observed on untreated curd. 


d. Washings from Cream 


Methods. The sera (obtained from the successive washings of 
cream as explained in a previous experiment) were collected after 
each separation, tubed, and autoclaved. The first, third, sixth, and 
tenth rinsings were selected for this purpose. The first washing ap- 
peared quite milky, resembling diluted skimmilk. The tenth washing 
was practically clear. The washings were inoculated in the usual man- 
ner with the various cultures. The tubes were kept at 20° to 25° C. 
for one week, at a relative humidity of 60 to 65 per cent. 

Results. Table XIX gives the results obtained when the washings 
were inoculated with the test cultures. Growth was practically normal 
in the serum from the first washing after one week, with the exception 
of Cultures 6 and 7. In the third washings, Cultures 1, 8, and 9 were 
the only ones to show any development and this was rather scanty. Cul- 


ture I was able to grow on the sixth and tenth washings; none of the ’ 
others produced any visible growth with the exception of a slight | 


\ 


et 
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development of Culture 8 on the tenth washing. It was apparent that 
most of the nutrients must have been removed from the cream by the 
early washings. 


TABLE XIX 


GrowtH oF Motp CuLtturEs ON WASHINGS FROM CREAM 


Extent of growth at 20-25° C., ordinary humidity 


Culture 1st washing grd washing* 6th washing* t1oth washing* 
3 days I week g3days1tweek 3daysitweek 3 days 1 week 
1. Alt. humicola ...... ++4+4+G ++-++ 4 +4 + + te ze 
eA GUNES) srtacP wise eas ++Y ++++ 
Ge Ai HEFETD ieee sid. = — ++B 
4. H. cladosporioides ..+-4-4+4+G ++-++ — = = = = = 
5. M. sylvaticus ...... +++W +++ 
6. O. lactis var. A. ...— +W 
7. O. lactis var. B. ...+W a = — 
8. P. biforme ......-- ae EGS | SEES chee Tm = = ee eG 
9. P. expansum ...... +G ++++ +G + 
10. R. nigricans ....... ++W +-+++ — = 
(GheGkmecoretscs le Sat a — = pa 


* All cultures on 3rd, 6th, and 1oth washings showed slight subsurface grow‘h. 


3. Carbohydrates and Related Substances 


a. One Per Cent Aqueous Solution of Lactose 


Methods. A one per cent aqueous solution of chemically pure 
lactose was prepared in distilled water, tubed, and autoclaved. The 
tubes were inoculated in the usual manner and kept for 3 weeks at a 
temperature of 20° to 25° C. and a relative humidity of 100 per cent, 
in the metal humidor previously described. 


TABLE XX 
GrowtH or Mortp CuLtures on 1 Per Cent Agurtous SoLtutTion or Lactose 


Extent of growth at 20-25° C., high humidity, after 


Culture 3 days 1 week 2 weeks 3 weeks 
1. Alt; humicola ...... —(+) +W(+) ++G(++G) ++4(4+4+) 
ALE EEDIBES Nroleh cvavessyaile s:1 =e) +W (+) Gr) ata) 
PARIS EN Ds, heicts estes.» GP) +W (+) +(+) see), 
4. H. cladosporioides .. — — +G +) 
5 Of, syldaticus) «si... —(+) +W (+) +(+) +€+) 
6. O. lactis var. A..... —(4+) =3(G=)) SIGE +W(+) 
7 Ow lactis var, B:*... — —(+) —-(+) +W (+) 
Be Pe DIFOYINE ise 5 cin —((--) +W(+) + (+4) ++WG(+-+) 
9. Po vempansum !.....-- —(+) = +W (+) +(+) +(+) 
io. R, nigricans ....... —(4+) +W(+) +(++) T(E) 

eC resus A a roeiele os — — — — 


Results. Table XX indicates that the only signs of growth after 3 
days incubation took place in the depth of the liquid or downward 
from the surface, where the conidia floated. At the end of one week, 
feeble surface growth was noted except with Cultures 6 and 7. The 
subsurface development was somewhat more extensive. After 3 weeks, 
Cultures 1 and 8 had sent up considerable mycelium from the surface, 
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but at the same time the subsurface growth was equally good. In 
general, the development in the lactose solution was not marked at any 
time. 


b. One Per Cent Aqueous Solution of Lactose in 1.5 Per Cent 
Washed Agar 


Methods. One gram of chemically pure lactose was added to 
100 ce. of 1.5 per cent washed agar, and the mixture was tubed, auto- 
claved, and slanted. The usual inoculations were made and the tubes 
incubated under conditions described in the previous trial. 


TABLE XXI 
GrowtH or Mortp CuLtureEs ON 1.5 PER Cent WASHED AGAR CONTAINING 1 Per Cent LACTOSE 


Extent of growth at 20—-25° C., high humidity, after 


Culture 3 days 1 week 2 weeks 3 weeks 
1. Alt. humicola ...... —(+) W(+-+) +(+-+-+G) + (+++) 
DapeAie PLOUUS fers farejess a eee +W(+) +YG(+-+) +(++) +(+++) 
Sh A Nee erin oan gS +W(+) +B(+) +(++) +(++) 
4. H. cladosporioides .. +G(+-+G) (++) +(4+-+--4) (seer) 
5. M. sylvaticus ..«.... +W(+-+) +(+-+) “(Ey + (++) 
6. O. lactis var. A. ... +W(+-+) +(++) + (++) a (+e) 
7. O. lactis var. BL... FW(++4+) 9 444) +(4+4) +44) 
8: °F. biforme .. 22. aes) aie ) Se Gaara) Sts ae 
9. PP. expansum 200%. +G(+) + (44+) Cee) +(+++) 
TO. Kt. WIGQTICANS oc. woai- +W(+) +(+) + (+) +(+) 

Gheck! 2iinarnt seetereate _— = = “ss 


Results. The surface growth was slight, even after 3 weeks in- 
cubation, as shown in Table XXJ. Subsurface development in most 
cases was marked. Cultures 1 and 4 produced dark green mycelium 
that penetrated deep into the solid medium, at right angles with the 
side walls of the tube. This is illustrated plainly in Plates I and II. 
The growth resembled that obtained on solid media containing glycerol. 


c. “One Per Cent Lactic Acid in 1.5 Per Cent Washed Agar 
Methods. Purified lactic acid was added to measured quantities of 


sterile, melted, 1.5 per cent washed agar in tubes, in amounts sufficient 


TABLE XXII 


Growtn oF Morp CuLtures on 1.5 Per Cent WasnHep AGAR 
ConTAINING 1 Per Cent Lacric Acip 


Extent of growth at 20-25° C., high humidity, after 


Culture 3 days 1 week 2 weeks 3 weeks 
1. Alt. humicola ...... — — +G +G 
Bi A AAUUS aw wens 8 + W (+) +(+) +Y(+) +YG(+) 
Brg MODEL 5 Re Sa +W(+) ae) ew 4++(4++4) 
4. H. cladosporioides .. - +G sede (aL) ++ (+G) 
5. M. sylvaticus ...... — = = eS 


ON lactis ver. As: .- _ = = ae 

7.103} acts, var. Be va = = = ae 

SEP. bifonme wane =“ G(G-) a Get) she Gators) aan.) 
P. expansum «..... = +W (+) +G(+) aor) 
R.. nigricans ....... — +WwW ae ae 
€ 


——— 
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to make a one per cent solution. After thoro mixing the tubes were 
slanted. The slants were inoculated in the usual manner and incubated 
at 20° to 25° C. for 3 weeks in a metal humidor (described elsewhere), 
in which the relative humidity was maintained at 100 per cent. 

Results. The results of this trial are given in Table XXII. It 
will be noted that Cultures 3 and 4 made moderate, Cultures 1, 2, 8, 
g, and to slight, and Cultures 5, 6, and 7 no growth in this medium. 
The subsurface development was particularly good in Cultures 3 and 8. 
Cultures 4 sent dark green hyphae into the depth of the medium. 
Where growth appeared, it was better than that obtained on the pure 
agar substrate. 


d. Diffusate from Curd of Butter 


Methods. The ditfusate obtained in the dialysis of the curd from 
butter, as explained in previous pages, was tubed and autoclaved. The 
diffusate contained 99.7 per cent of water and 0.00238 per cent of 
nitrogen at the time of inoculation. It was inoculated and kept at 
20° to 25° C. for 3 weeks in a humidor at a relative humidity of too 
per cent. 

TABLE XXIIi 


GrowTH oF Morp CuLtTurREsS ON DIFFUSATE FROM CURD OF BUTTER 


Extent of growth at 20-25° C., high humidity, after 


Culture 2 days 4 days 1 week 2 weeks 3 weeks 
ToAlinumicola !.. ..... ++ W pinata ape ae Sara ++-+-+G 
Dy Yale Nia) 6 Some Ores ++Y ++YG ++ diode aaee 
Se MIEN. Tor ecevore Si ais.0 » +B + + + AE 
4. H. cladosporioides .. ++G ++ 4nde jingle dele 
5. M. sylvaticus: 3.2... +W a. + + at 
6. O. lactis var. A...-. +W + ae = <u 
me OO. lactis var; Bo... _ = = +W ie 
Gee OTRONIME. Fes cna scares ++G ++ t+ preeis 
on Po expansum ...»... +G +-+ oe age ease 

TO. dta mignicans 22... .% +W + + at Bieta 
Chloe lnmim ccs tyco strc. _ — = = a 


Results. Table XXIII gives the results of this experiment. It 
will be noted that growth began promptly except with Culture 7, which 
did not produce visible mycelium until the second week. Cultures 
2, 3, 5, 6, 8 and g reached the point of maximum development after 4 
days. The growth of Cultures 1, 4, and ro became especially luxuriant. 
Apparently, the food materials were readily available, as evidenced by 
the prompt growth, but were so rapidly utilized by certain of the 
cultures that development reached an early maximum. 


4. Mineral Constituents 


a. Milk Ash in 0.75 Per Cent Aqueous Solution 
Methods. One pint of fresh skimmilk was evaporated to dryness 
over a water bath, the residue incinerated in a muffle furnace, and the 
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ash recovered. A 0.75 per cent aqueous solution was prepared, tubed, 
and autoclaved. The inoculated tubes were incubated at 20° to 25° C. 
for 2 weeks, at a relative humidity of 60 to 65 per cent. At the end 
of 2 weeks, one cc. of sterile skimmilk was added to each tube to de- 
termine whether the cultures were in a viable condition. 


TABLE XXIV 


GrowtH or Mo.tp CuLtures on 0.75 Pir Cent Agurous Sotution oF Mitk AsH 


Extent of growth at 20-25° C., 


ordinary humidity, after Growth 3 days after 
Culture — = adding 1 cc. sterile 
4 days 1 week 2 weeks skimmilk 
1. Alt. humicola ...... = — — = 1G 
DA LOUUS Weave stele yetst ans + oo 4 SEBEN IC, 
he, SMIGET Saswtricireaiave's — — = +B 
4. H. cladosporioides .. — — = SESE STS 
Be MS SiIOECUS aie cto — = == +4+W 
6. O; lactis var: Aq ... — _ = ++W 
VaO WACHSs vara Ba sel: — — = +W 
SP. biformes sxc ash —_— — = aL 
9. P. expansum ...... — _- = cieotae tote 
zo. R. nigricans ....... —(+) —=(+) (25) ++4W 
@heck eciweisise nce — —_ = ee 


Results. As shown in Table XXIV, no growth occurred with most 
of the cultures. There was a slight subsurface mycelium in Culture 
10, and a barely visible development in Culture 2. Three days after 
the sterile skimmilk was added, excellent growth was obtained from all 
except Cultures 2 and 7. 


b. Milk Ash in 0.75 Per Cent Aqueous Solution Neutralized 
with Hydrochloric Acid 
Methods. The solution of milk ash, prepared according to the 
method outlined in the foregoing experiment, was neutralized with 
hydrochloric acid. The methods of tubing, sterilizing, and inoculating, 
and the conditions of incubation were identical with those followed in 
the previous trial. 


TABLE XXV 


GrowTH oF Morp CuLTuRES ON 0.75 Prr Cent Agurous SoLtution or Mirx ASH 
Mave NeutraL with Hyprocuroric Acip 


Extent of growth at 20-25° C., 


ordinary humidity, after Growth 3 days after 
Culture — —- adding 1 cc. sterile 
4 days I week 2 weeks skimmilk 
1. Alt. humicola ...... +4 W +--+ ipae +++WG 
2 Zils IONS “seoneacna. + W + =e +4+4WY 
Be A. SPNIGen 4. 's Be ccak cals +WB + ae +43 
4. H. cladosporioides .. — +WwW at SnIaG 
5. M. sylvaticus ...... — =(@5) = (45) ++W 
6. O. lactis var. A. ... _— = = SSW, 
7. O. lactis wa. Bo. = _ = +W 
CHWAE AHOHEO pooagone ++ W +4 ++ SESE (5 
9. P. expansum ...... ++W ++ sae See an: 
ao. R. nigricans ....... —(+) —CG) SGP) +++W 
Checky yy... i adncra ce _ — es 


ee 
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Results. It will be noted from Table XXV that fairly good growth 
took place after 4 days in Cultures 1, 8, and 9, while Cultures 2 and 3 
showed scanty mycelial development. At the end of 2 weeks all cul- 
tures except 6 and 7 exhibited some degree of growth.” Cultures 5 
and 10, however, produced only subsurface mycelium. The addition 
of sterile milk showed that none of the cultures had been killed; all 
grew well in 3 days, with Culture 7 again the least active. 


5. Combinations of Various Foodstuffs 


a. Emulsion of Butterfat, Milk Lecithin, and Water 


Methods. Five parts of old, sterile butterfat, prepared according 
to the methods described on page 23, were mixed thoroly with one 
part of a one per cent sterile aqueous emulsion of lecithin, and the 
mixture was poured into petri plates. These plates were inoculated 
by streaking the cultures across the surface, and were incubated at 
20° to 25° C. for 3 weeks at a relative humidity of 100 per cent in 
the earthenware humidor previously described. 


TABLE XXVI 
GrowTtH oF Mortp CuLtturEs oN EMULSION OF BUTTERFAT AND 
Gne Per Centr Agueous SoruTion or MiLk LeEcITHIN 


(5 parts of butterfat: 1 part of lecithin solution) 


Extent of growch at 20-25° C., high humidity, after 


Culture 3 days 1 week 2 weeks 3 weeks 
: Alt. humicola ...... +W + an Sioa 
A IES! Ug a) aie a ncn swe — = a 


PAGED farsa oobi sss _ oe ae +B 
H. cladosporioides .. — = = ALE 
M, sylvaticus ...... — — es 8 
Onlachs var. A. ... — = = ee 
O} lactis var. B. .:. = — ae = 
Pi vbiforme .. Mien ss — = ay = 
P. expansum ...... — — = ney 
R 


CO PY AMR Y DH 


nigricans ....... _— — — — 


(Clavie)! 123428 Seales caries _ = = et 


H 


Results. The growth on the mixture of butterfat, lecithin, and 
water was not much better than that obtained on fat alone, as is clearly 
demonstrated in Table XXVI. Culture 1 began its development 
promptly and showed the best growth. Cultures 3 and 4 produced a 
scanty but visible surface growth. 


b. Butterfat Plus Dry Milk Ash 


Methods. Some of the old butterfat used in previous experiments 
was melted, poured into petri plates, and solidified promptly. Dry milk 
ash was sprinkled freely over the surface. The cultures were streaked, 
across the surface in such a way that they came into contact both with 
the ash and the fat. The plates were incubated for 3 weeks in the 
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earthenware humidor at a temperature of 20° to 25° C. and a relative 
humidity of 100 per cent. 

Results. Table XXVII gives the results obtained. The growth 
was somewhat better than that on pure butterfat. Visible mycelium 
was observed in Cultures 1, 2, 3, 4, 8, and 9 after 3 weeks incubation. 
Cultures 5, 6, and 7 showed no signs of development when the plates 
were examined under the microscope; Culture 10 gave evidence of the 
germination of some of the conidia and abortive mycelium. 


TABLE XXVII 
GrowtH oF Moxrp CuLttures on Butterrat Witrn Mitk Asn SPRINKLED OvER SURFACE 


Extent of growth at 20-25° C., high humidity, after 


Culture 1 week 2 weeks 3 weeks 3 weeks 
Visib'’e Microscopic 

r. Alt. humicola ...... + W +G ++G + 
Di PANEL DIOS = oetiortee taal ait _— + YG + + 
LOR LIULI ED: fat inter ants stars ++B ae a4 a 
4. H. cladosporioides .. _ _ ++G + 
5. M. sylvaticus .....- — — _— =a 
6..O) lactts var, A... — _ — = 
¥.1O. dactis 067. B. 1.55 — — — = 
Bee DUA IGE ca seoire rece re — — +G + 
9. P. expansum ...... — — +G + 
TO. Re WIGHICOMS! Wu. se a = = + 

Check: fportercmraa: aeteions -— — = ase 


c. Mixture of Butterfat, Milk Ash, and Water 

Methods. Two parts of sterile fresh butterfat and one part of 
milk ash (prepared in accordance with methods described on page 39) 
were mixed thoroly and added to four parts of a sterile, melted, 1.5 
per cent washed agar medium. The mixture was shaken thoroly and 
poured into petri plates. After it had become hard, the cultures were 
streaked across the surface. The plates were incubated for 4 weeks 
at a temperature of 20° to 25° C. and a relative humidity of 60 to 65 
per cent. 


TABLE XXVIII 


Growtm or Moitp Curtures on 1.5 PER Cent Wasuep AGAR Wit Fresu ButTreRFAT AND 
SATURATED SotuTion or Mitx Asn AppEepD 


(4 parts of agar medium: 2 parts of butterfat and 1 part of ash solution) 


Extent of growth at 20-25° C., ordinary humidity, after 


Culture 4 days 1 week 2 weeks 3 weeks 4 weeks 4 weeks 
Visible Microscopic 
t. Alt. humicola ...4.. -+W +G fe ++ JES se 
PN PANIC ETP OR oe ah Ce Es CoO +Y ++ ++YG eee still ab 
ON ALAWAR etmpeyned alate +B | + ee afi Se 
4. H. cladosporioides .. +G ++ ++ oe Sei ae 
SG. WM, sulvatvews 0 aes +Ww -b + ae cle af 
6. 0, lactis var. Ay: : — = — = = = 
ae. ACTS, VARIN yt es _ — = = == & 
8.2 Pie biforme: ven once +W + +G a fs ae 
9. P. expansum .... 05 +W +G + + ale ts 
10. R. nigricans ....... + W + ar oft Je ae 


Checkin niaettete sen — 
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Results. Table XXVIII indicates that growth began within a few 
days and increased slightly during the 4 weeks, with the exception of 
Cultures 6 and 7. Cultures 1, 2, 3, and 4 made the most noticeable 
progress in this medium. The microscopic examination failed to show 
any signs of germination of the conidia from Cultures 6 or 7. The 
failure of these cultures to grow on fats, minerals, or comb‘nations of 
the two substances has been a regular phenomenon. 


d. Aqueous Solution of Lactose and Peptone 

Methods. A solution containing one per cent Bacto peptone and 
one per cent chemically pure lactose was prepared in distilled water, 
tubed, and autoclaved. After inoculation the samples were incubated 
at 20° to 25° C. for 3 weeks in the metal humidor at a humidity of 
100 per cent. 


TABLE XXIX 


GrowtH oF Morp CuLtukes 1N AQUEOUS SOLUTION ‘CONTAINING 1 PER CrEent LACTOSE 
AND 1 PER Cent PEPTONE 


Extent of growth at 20-25° C., high humidity, after 


Culture 3 days 1 week 2 weeks 3 weeks 
1. Alt. humicola ... +W(+) Spee eae) dene Gs) “Sper sateeas) 
CA MOUS oa os ao ++W(+) aor Sot aet NOT 4++++ 
GR Bl TOG Le Seen eee +-+WB(+) Sota BG) Ase ar ae Sear ar Gam) 
4. H. cladosporioides ++G(+) Amie eee) eiateatpete Caley) Se aati e 2, 
Beideesviciaticus. 7.2. Wil) ---F + (+ 4-) Gieetate cto) atc Gr) 
GO. sactis var. A. --4-W(-+-+-) +-++-+(+-+) Sear araeGss OD) sesesraniGra amar 
VC mac Sevan. tao WiC-4--4t-)\  f==}---F (=) APP eat Sh fear se SEG ae 
8. Ps biforme ...... Sas MG =) Aap la ate ea) Shab ae ee) sear Grate) 
9. P. expansum ... ++W(+)  ++++(4) Pe (ey, gee) 
0) 


- 


= Ke migricans .... -+-----W(+--) fect oat> WH tanta estates Ct | step pa =i) 
MEMO GK. Creer eo. _— == = a2 


Results. Table X XIX shows that all the cultures grew rapidly in 
the medium and soon reached a normal state of development as in 
peptone alone. The only effect that the lactose seemed to exert was 
an increase in the amount of subsurface mycelium. The protein ap- 
peared to be the more readily utilized substance. 


e. Mixture of Lactose and Peptone in 1.5 Per Cent Washed 
Agar 

Methods. Sufficient lactose and peptone were added to a 1.5 per 
cent washed agar medium to give a one per cent concentration of each. 
This mixture was tubed, autoclaved, and slanted. The slants were 
inoculated on the surface in the usual manner. The tubes were in- 
cubated under conditions described in the previous experiment. 

Results. It will be observed in Table XXX that excellent growth 
was obtained in this medium. In contrast with the lactose-washed agar 
medium, the surface growth was predominant, altho some subsurface 
mycelium was produced. The contrast between the growth on the 
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lactose-peptone-washed agar and the lactose-washed agar is shown 
clearly in Plates I and III. When lactose was the main source of 
food, the mycelium of the molds studied seemed preferably to penetrate 
into the depth of the medium, but when a nitrogen compound, such as 
peptone, was available at the same time, the growth became character- 
istically concentrated on the surface. 


TABLE XXX 


GrowtuH oF Motp CuLtuREs on 1.5 PER CENT WASHED AGAR CONTAINING 
1 Per Cent Lactose AND 1 Per Cent PEPTONE 


Extent of growth at 20-25° C., high humidity, after 


Culture 3 days 1 week 2 weeks 3 weeks 
1. Alt. humicola ... +W(+) ++WG(+) =F = Ge) ++++G(+) 
2. A, flavus ....... feet Wit) Spar ACNE) arapareGteS)) Steteste she ateete 
Bea MIG ET veteie atee ret ++B(+) Se cinta ate) qranaei Par) Se ae ara Or) 
4. H. cladosporioides +++G(+Br) ++++(+) Hmaeanar Ga) SPap ara >?) 
5. M. sylvaticus ... +++W(+) = parla) qicpariese) oat Geta 
6. O. lactis var. A. ++W(+) +--+ (-+) ++ (++) ee ere) 
7. O. lactis var, B. +++W(+) Se aear ae) Saeleat atte Pai Gare». 
8. P. biforme ...... eee) arse sega) Arar ass sy) Sap ae aa xs 
9. P. expansum ... +++W(+) ota ate teat) et Gira) ieee ate teers 
to. R. migricans .... +++W(+) hate Ccte te Serra a) sesh Gieete) 

(Checkoywie.. seserais — = = aes 


f. Sterile, Unsalted Butter 

Methods. A sample of fresh 30 per cent cream was autoclaved and 
churned in a sterile Dazey churn, the butter was washed with sterile 
water and worked with sterile paddles. Small pieces of this butter 
were transferred to sterile test tubes and allowed to harden over night 
in the cooler. After inoculation by streaking the cultures along the 
surface, the tubes were placed in a humidor at a temperature of 20° 
to 25° C. and a relative humidity of 100 per cent for 3 weeks. 


TABLE XXXI 


GrowtH oF Mo.tp CuLtTurResS ON STERILE, UNSALTED BUTTER 


Extent of growth at 20-25° C., high humidity, after 


Culture 4 days 1 week 2 weeks 3 weeks 
1. Alt. humicola ...... = a eiGi +++ SaaS 
By A RAUWS. Gwe Givele whe — a +YG ae 
Bo ek WAGER Fos teeo ac +B aaa ++ t+ 
4. H. cladosporioides .. +G Sates +++ ohekIL 
By Ma SHIUQLICUS .. 2 ++W ote WB +++ 4+ 
62 0: Jactis var. AL ws. _ = = as 
7. O. lactes var. B. ... — = 2 =a 
8: Py biferme. ~. weve» were = Sea ++ +44 
9. P. expansum ...... +G +++ +++ eee 
LO, Ik. AIGTICEHS “viv acu ss _— +W +++WB eaetenes 
ie Clae cecsterehsi votes _— — i= = 


Results. The growth of the cultures on this combination of all 
of the foodstuffs previously studied is described in Table XX XI and 
illustrated in Plate III]. The most extensive development was noted. 
in Cultures 1, 3, 4, 5, 8, 9, and 10. The butter was discolored to the 
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greatest extent with Cultures 1 and 4. Culture 2 showed slight visible 
mycelium and a few yellowish-green sporangia. No visible growth 
of Cultures 6 and 7 was observed. The unsalted butter appeared to 
furnish ample food for the growth of the majority of the cultures 
studied. 


B. Moisture 


The influence of moisture on the growth of molds may be con- 
sidered from two standpoints, namely, the moisture in the substrate 
itself and that carried by the atmosphere. 


1. Moisture in Substrate 


It has been shown in experiments reported in the previous pages 
that the presence of water facilitates the growth of molds on butter- 
fat. As butter contains a considerable percentage of water, especially 
in intimate association with the most useful foodstuffs contained in 
the butter in the form of droplets of buttermilk, it was considered 
unessential to investigate the influence of water of constitution upon 
the growth of molds, further than that reported in previous or subse- 
quent pages in connection with other factors. 


2. Moisture in Atmosphere 
a. Effect of Humidity on Growth of Molds on Unsalted Butter 


Methods. Sweet cream, testing 35 per cent fat, was autoclaved, 
cooled, and churned in a sterile Dazey churn. The butter was washed 
with sterile water and worked with sterile paddles, due precautions 
being taken to prevent contamination. Small blocks of the finished 
butter were placed in sterile petri plates and held over night at 0° C. 
in order to harden the butter. The following day the cultures were 
streaked over the surfaces of the samples. The plates were kept at 
10° to 12° C. for 6 weeks, one set in the metal humidor at a relative 
humidity of 100 per cent, and the other set in the laboratory at a 
relative humidity of 70 to 75 per cent. 

Results. The comparison between the growth of the molds on the 
samples of butter kept at different humidities is shown in Table XXXII. 
At the end of 6 weeks, none of the butters kept at the lower humidity 
gave any evidence of growth. In the samples kept in an atmosphere 
saturated with moisture, Cultures 1 and 4 produced dark green smudgy 
areas that spread some distance from the line of inoculation; Culture 
5 showed delicate, white, aerial threads of mycelium, bearing smoky- 
gray and black sporangia; Culture 6 produced a slight, white feltlike 
mass; Cultures 8 and g formed white and green spots scattered over 
the surface and also gave to the butter a distinctly Roquefort cheese 


= =. = Pr = = — = es ti eee Supnsbiu “yO 
ap ae = Sioete = Sale = Ses= = 5+ Sa) PBs unsungxa ‘gq 6 
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a aa oS = = = = a = Se ep hale’ ie) Oe 
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odor; Culture 10 developed a scanty, white aerial mycelium. There 
were no signs of growth with Cultures 2 and 3. It will be pointed out 
later that these cultures do not grow well at t0o° C. and for this reason 
did not develop on the samples studied in this trial. 


b. Effect of Humidity on the Growth of Molds on Unsalted 
Butter Churned from Inoculated Cream 


Methods. Eleven lots of sweet, 40 per cent cream were placed in 
Erlenmeyer flasks and autoclaved. When they were cool, they were 
inoculated with the cultures being studied, except one lot which was 
held as a check. The inoculated creams were allowed to stand at room 
temperature (20° to 25° C.) for 4 days after which they were placed 
at o° C. until cooled sufficiently to churn. During the 4 days, all the 
cultures had grown extremely well and covered the surface of the 
cream with a deep layer of mycelium bearing the characteristic fruiting 
bodies. Each lot of cream was churned in a sterile Dazey churn, the 
butter washed with sterile water and worked with sterile paddles under 
careful conditions. Pieces of the feltlike mass formed by the mycelium 
were removed as far as possible from the butter. Small blocks of 
the butter were placed in petri plates. One cc. of water was placed in 
each of the plates of one set of samples and replenished daily, while 
the other set was left without water. Both lots were incubated at 20° 
to 25° C. for 6 weeks. 

Results. Table XX XIII shows that some of the samples maintained 
at low humidities showed the growth of mold after one or 2 weeks 
but in most cases the development on the samples at higher humidities 
gave evidence of more favorable growing conditions. Culture 4 be- 
came clearly visible after one week under both conditions, and produced 
a very dark green smudge and surface spots. A delicate white web of 
mycelium was formed by Culture 2 on the dry samples, but bright 
yellowish-green sporangia on the butter well supplied with moisture. 
Culture 8 produced white spots under both conditions. There were 
no visible signs of growth in Cultures 1, 6, 7, and ro. 


C. Temperature 


That temperature has a profound effect upon the growth of micro- 
Organisms is generally appreciated. Each species has its minimum, 
optimum, and maximum temperatures, which vary with the conditions 
under which the organisms are existing. Butter is kept at a wide 
range of storage temperatures but these are, in most cases, near on 
or below. Occasionally, lots of butter will be exposed to higher tem- 
- peratures for considerable periods of time. The ten species of molds 
used in these experiments were seeded on various substrata in order 
to observe the effect of different temperatures upon their growth. The 
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temperatures used did not go below o° C. but subsequent studies should 
be pursued at lower temperatures for extended periods. 


1. Growth on Whey Broth 


Methods. Fresh skimmilk was heated to 35° C. and maintained 
at that temperature while dilute hydrochloric acid was added slowly, 
with constant stirring. The milk was brought to the isoelectric point 
of casein, pH 4.6 to 4.7 by comparison with methyl red standards. 
The finely granulated casein was removed by filtering through cheese- 
cloth. The resultant whey was autoclaved for 15 minutes to coagulate 
the heat-labile proteins and filtered through cotton. The whey was 
neutralized with N/r sodium hydroxide to pH 6.8, and 0.5 per cent 
Bacto peptone was added. The mixture was autoclaved for 15 minutes 
to precipitate the acid-soluble substances and filtered through paper, 
after which it was tubed and sterilized. Three sets of inoculated 
samples were prepared. One set was stored at 20° to 25° C. and 4o 
to 50 per cent relative humidity, another set at 10° to 12° C. and 7o 
to 75 per cent humidity, and the other at 0° to 2° C. and 70 to 75 per 
cent humidity. 

Results. Table XXXIV gives the results of this experiment. It is 
evident that all the cultures found the whey broth an excellent source 
of food, as shown by the active growth at 20° C. after one week. A 
certain amount of subsurface mycelium was present in most cases, 
especially after 3 weeks at this temperature. Culture 2 was very slow 
to develop at 10° C. and when it did the mycelium was scanty. Cul- 
ture 3 likewise made slight progress at this temperature. The growth 


of all cultures was retarded when the whey broth was kept at 0° C. | 


Cultures 2, 3, and ro gave no evidence of growth within 3 weeks. 
Cultures 1 and 5 produced traces of visible mycelium in the depths 
of the liquids. Time was an apparent factor at the lower temperatures, 
altho certain of the species showed no growth after longer periods of 
incubation. 


2. Growth on Whey Agar Slants 


Methods. A solid medium containing 1.2 per cent Bacto agar was 
prepared from whey broth made according to the method outlined in 
the previous experiment. This medium was tubed, autoclaved, and 
slanted. After inoculation, the three sets of samples were stored under 
the conditions described in the foregoing trial. 

Results. All the cultures grew luxuriantly after one week at 20° 
C., as indicated in Table XXXV. Except Culture 2, which failed to 
grow, and Culture 3 which developed poorly, all showed practically 


normal growth at 10° C. At 0° C. the development of cultures that , 


grew at all was less luxuriant. Cultures 2, 3, and 10 failed to produce 
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visible mycelium. Low temperatures had a marked effect on the growth, 
especially with Cultures 2 and 3. 


3. Growth in Sweet Buttermilk - 


Methods. Buttermilk was obtained from a churning of fresh, 
sweet cream, tubed, and autoclaved. The inoculated samples were 
divided into three lots and incubated under the conditions explained 
in the last two experiments. 

Results. Table XXXVI shows that the cultures kept at 20° C. did 
not develop as promptly in the buttermilk as they did in whey broth 
or whey agar. Growth at the end of 3 weeks was reasonably good in all 
cases. The development at 10° C. was somewhat less in most instances. 
Culture 2 showed no visible growth, Culture 3 gave barely visible 
growth after 3 weeks. Cultures 2, 3, and Io again failed to grow at 
o° C. during the observation period. In general, the surface growth 
on buttermilk was somewhat less than it had been on whey broth and 
whey agar. 


4. Growth on Sterile Butter 


Methods. A batch of sweet cream was autoclaved and, after cool- 
ing, churned in a sterile Dazey churn. The butter was washed with 
sterile water and worked with sterile paddles. The finished butter was 
divided into four portions, one of which was left unsalted. Sterile 
salt was worked into the other lots of butter in varying amounts, giv- 
ing a final salt content (by analysis) of 1.2 per cent, 2.6 per cent, and 
2.9 per cent, respectively. Blocks of each lot of butter were placed 
in petri plates and allowed to harden over night at o° C. The samples 


were inoculated by streaking the cultures across the surface. One set | 


of samzles was incubated at 0° C. and the other at 10° C. in the metal 
humidors, at a relative humidity of 100 per cent. 

Results. The observations made on the samples over a period of 
6 weeks are reported in Table XXXVII. At 0° C., Culture 9 showed 
growth after 2 weeks, Culture 1 after 4 weeks, and Culture 8 after 
6 weeks in the unsalted butter ; none of the others showed any apparent 
development even after 6 weeks. Cultures 1 and 8 produced small 
white spots at this temperature in the butter containing 1.2 per cent 
salt. Otherwise, growth of all cultures was retarded by the combined 
influence of low temperature and salt. At 10° C. growth in the un- 
salted butter was extensive in most instances and after 6 weeks, Cul- 
tures I:and 4 produced dark green smudges, Cultures 5 and to de- 
veloped slight aerial mycelia, Culture 6 showed a small amount of 
white mycelium, and Cultures 8 and 9 formed white and green spots. 
Cultures 2 and 3 were not able to grow. In the butter containing 1.2 
per cent of salt, and kept at 10° C., Culture 5 produced a few aerial , 
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hyphae; Cultures 1, 4, 8, and 9 grew quite well and produced distinct 
areas of moldiness. The butters containing 2.6 per cent and 2.9 per 
‘cent salt showed slight growth of Cultures 1, 4, 8, and 9. The low 
temperatures clearly restrained the growth of most of the species 
‘studied, and the effect became more noticeable as the percentage of 
‘salt increased. 


5. Growth on Butter Made from Inoculated Cream 


Methods. Eleven batches of fresh sweet cream in flasks were auto- 
‘claved and cooled, after which ten lots were inoculated with the experi- 
mental cultures and the other left as a check. The inoculated cream 
samples were kept at 20° to 25° C. for 4 days. During this time, all 
‘cultures grew exceedingly well and produced a surface felt with normal 
fructification. These samples were churned in individual, sterile Dazey 
churns. The butter was washed with sterile water and worked with 
sterile paddles. Visible pieces of the felt were removed, as far as 
possible. Each lot of butter was divided into four parts—one remained 
unsalted, the others were worked with different amounts of sterile salt 
in order to obtain varying concentrations. The actual salt content 
in the different lots of butter varied as indicated in Table XX XVIII. 
It was very difficult to obtain exactly the same results in each case, 
‘because of the difficulty of working the butter under aseptic conditions. 
Blocks of the butters were placed in petri plates and hardened at 0° C. 
One set of plates was placed at 20° to 25° C., another at 10° to 12° 
C., and another at 0° to 2° C. in the metal humidors at a relative 
humidity of 100 per cent and observations were made during 6 weeks. 

Results. The combined effect of temperature and salt concentra- | 
tion on the growth of the various species is shown in Table XX XVIII. | 
It will be noted that Cultures 1, 6, 7, and 10 failed to make any visible 
‘growth under any conditions. Cultures 2 and 3 grew reasonably well 
at 20° C. in all salt concentrations but apparently could not develop: 
at 10° or o° C. Culture 4 grew at all three temperatures but was 
affected by increased percentages of salt, especially at 0° C. The only 
visible growth secured with Culture 5 was on the unsalted sample at 
20° C. Results with Culture 8 were irregular, but it grew at all 
temperatures. With the higher salt concentrations and lower tempera- 
tures its development was retarded or checked. Culture 9 was not 
affected particularly by the salt content of the butter but failed to 
appear at 0° C. Evidently, the effect of temperature varied with the 
species of mold and the composition of the substrate as influenced 
by the salt content. 


D. Atmosphere 


Most species of molds are considered aerobic, or at least faculta- 
tive, and this indicates that a satisfactory supply of oxygen is a factor 
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in their growth. Experiments were undertaken to determine how the 
mold growth on butter might be affected by changes in atmospheric 
conditions. 


1. Ordinary Air Supply 


In the experiments previously reported, and in which a plentiful 
supply of oxygen was provided, the species of molds making up the 
experimental group were able to grow satisfactorily when the food 
supply, moisture, temperature, and other conditions were favorable. 
These results may be considered as checks demonstrating that the 
molds grew well when an abundant supply of air was present. 


2. Reduced Air Supply—Partial Vacuum 


Methods. Sterile cream was churned in a sterile Dazey churn. 
The butter was washed with sterile water and worked with sterile pad- 
dles. Blocks of butter were placed in petri plates (in which the covers 
were kept slightly raised by the use of small wire staples) and hard- 
ened at o° C. The surface of the butter was inoculated with the molds 
being studied. The plates were then placed in an ordinary sterile glass 
desiccator. After a liter of water was placed in the the bottom of the 
jar to provide adequate humidity, the lid was put in place and sealed 
with vaseline. A vacuum of 25 inches was drawn and maintained dur- 
ing the period of study. The temperature of incubation was 20° to 
Ba ei ts. 

Results. The results of the trial are given in Table XXXIX. 
Growth was not very active during the first week but increased some- 
what during the subsequent 3 weeks. The development was never very 
great, however, and was not comparable with that obtained under ordi- 
nary atmospheric conditions. The reduction of the amount of available 
oxygen appeared to retard the development of these species. 


TABLE XXXIX 


Errect or Repucep Air SuppLy uPoN GrowtH oF Mop CULTURES 
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* See Table XXXVIII for species. 


3. Partial Removal of Carbon Dioxide 


Methods. The butter used was prepared in the same manner as 
that for 2, above. The plates were held in a sterile desiccator in the 
bottom of which was placed a liter of a 10 per cent aqueous solution © 
of sodium hydroxide. This was added to absorb some of the carbon 
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dioxide ; at the same time it was a source of moisture. The lid of the 
desiccator was sealed with vaseline. The temperature of incubation 
was 20° to 25° C. 


TABLE XL 


Errect or PartiaL REMOVAL oF CarBoN DioxIpE FROM ATMOSPHERE UPON GROWTH 
Mop Cuttures on STERILE, UNSALTED BUTTER 


Extent of growth 
at 20-25° C., 


high humidity, Culture No.* 
(10% soln. of - : : a weed 
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* See Table XXXVIII for species. 


Results. Altho the growth of the cultures was not extensive dur- 
ing the first week, Table XL shows that excellent development of all 
except Cultures 6 and 7 occurred after 4 weeks. However, the last- 
named cultures actually showed more visible growth under these con- 
ditions than they had shown at any other time when seeded on butter. 
Apparently, a reduction in the amount of carbon dioxide does not 
seriously deter the growth of the species under observation. 


4. Removal of Oxygen 


Methods. The butter used was prepared in the manner described 
in 2 and 3, above. The plates were placed in a sterile desiccator and 
the lid sealed with vaseline, after 100 grams of pyrogallic acid had been 
placed in the bottom. A funnel was introduced through an opening in 
the side of the desiccator and 500 cc. of a 10 per cent aqueous solution 
of sodium hydroxide were added to the pyrogallic acid. The funnel 
was removed quickly and the opening closed and sealed. The tempera- 
ture of incubation was 20° to 25° C. 


TABLE XLI 


Errecrt or REMovAL OF OXYGEN FROM THE ATMOSPHERE UPON THE GROWTH OF 
Morp Curtures on STERILE, UNSALTED BUTTER 


(Oxygen exhausted by NaOH-pyrogallic acid mixture) 


Extent of growth Z Culture No.* 
at 20-25° C., high - —— -—— 
humidity, after I 2 3 4 i 6 7 8 9 10 Check. 
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* See Table XXXVIII for species, 


Results. Table XLI points out clearly that no growth appeared in 
any of the samples even after 4 weeks. The exhaustion of oxygen 
apparently made conditions unfavorable for the development of the 
molds being studied. 
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E. Miscellaneous Chemical and Physical Factors 
1. Salt Content 


Sodium chloride has been considered a food preservative for many 
years. As most butter contains some salt, and as unsalted butter has 
appeared to be more susceptible to molding than the salted type, experi- 
ments were conducted to determine the effect of various concentrations 
of sodium chloride upon the growth of the species of molds selected 
for this study. 


a. Whey Broth Plus Salt 


Methods. Whey broth prepared in the manner described in previous 
experiments was used as a substrate. Sodium chloride was added to 
various portions in different amounts, so the final salt content (by 
weight) in the different lots of broth was 10, 15, and 20 per cent. 
An unsalted portion was left as a check. The solutions were tubed 
and autoclaved. After inoculation the samples were placed at 20° to 
25° C. in a room with a relative humidity of 40 to 50 per cent, and 
observed for 3 weeks. 

Results. The record of the observations is given in Table XLII. 
The growth of all the cultures was excellent in the unsalted broth, 
especially on the surface. In the broth containing Io per cent of salt, 
Cultures 2, 3, 4, 8, and 9 had produced abundant mycelium and fructi- 
fication at the end of 3 weeks. Cultures 1, 5, and 10 produced only 
‘subsurface growth; Cultures 6 and 7 were checked entirely. In the 
15 per cent salt broth, Cultures 2, 8, and 9 grew fairly well on the 
‘surface; Cultures 1, 3, and 4 showed some subsurface mycelium. The 
remaining cultures gave no growth with 20 per cent salt. The only 
‘species to show any development in this broth were Cultures 8 and 9 
and they grew well. It is evident that salt exercised a restraining 
effect upon the growth of molds but it varied considerably with the 
different species. 


b. Whey Agar Plus Salt 


Methods. The whey agar used in this experiment was similar to 
that described previously. Sodium chloride was added to portions of 
the medium so that the final concentrations by weight were 10, 15, and 
20 per cent. These and the unsalted check were tubed, autoclaved, and 
slanted. After inoculation they were incubated under conditions similar 
to those in the preceding experiment. 

Results. All cultures developed luxuriantly on the unsalted slants, 
as reported in Table XLIII. In the 10 per cent salt agar, Cultures 
‘6 and 7 were the only ones that failed to grow, altho Cultures 5 and 
10 showed very meager growth. When the salt content reached 15 
‘per cent, Cultures 2, 8, and 9 showed moderate growth and Cultures 
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1 and 4 slight growth. The others remained dormant. As in the 
previous experiment Cultures 8 and 9 were the only ones to grow in 
the 20 per cent concentration of salt and their growth was scanty. 
Growth was better on the solid medium than on the whey broth, but 
the influence of the salt was demonstrated to be in the same general 
direction. 


_c. Sterile, Sweet Buttermilk Plus Salt 


Methods. Buttermilk was obtained directly from a churning of 
sweet cream. The necessary salt was added to yield solutions contain- 
ing 5, 10, 15, and 20 per cent. An unsalted portion was kept as a 
check. All lots were tubed and autoclaved. After inoculation they 
were incubated under the conditions described under “a” and “b,” 
above. 

Results. The growth of every culture was luxuriant in the unsalted 
buttermilk after two weeks, as is shown in Table XLIV. In the 5 per 
cent buttermilk, development was excellent after 2 weeks in the case 
of Cultures 1, 2, 3, 4, 8, and 9, moderately good with Cultures 5 and 
to, but only slight with Cultures 6 and 7. The to per cent salt con- 
centration completely inhibited Cultures 5, 6, 7, and 10, but the rest 
grew well. When the percentage of salt was increased to 15 per cent, 
only Cultures 2, 3, 8, and 9 were active. With 20 per cent salt, only 
Culture 9g produced visible growth. It will be noted that the growth 
of certain species is retarded more in the salted buttermilk than in 
whey broth or agar. 


d. Sterile, Sour Buttermilk Plus Salt 


Methods. A sample of buttermilk was obtained from a churning 
of sour cream butter. Salt was added to portions of this buttermilk 
to give concentrations of 5, 10, 15, 20, and 25 per cent, and an unsalted 
check was retained. These solutions were tubed and autoclaved. After 
inoculation, they were incubated at 20° to 25° C. for 2 weeks at a 
relative humidity of 60 to 65 per cent. 

Results. Table XLV presents the results obtained in this experi- 
ment. In the unsalted buttermilk the growth after 2 weeks was lux- 
uriant but it had been slower than that obtained on the sweet buttermilk. 
The development of the cultures in the 5 per cent salt solution was prac- 
tically the same as in the unsalted samples, in some cases less and in 
other cases greater. In the buttermilk containing 10 per cent of salt, 
Cultures 2, 3, 4, 8, and 9 grew well. When the concentration of salt 
was increased to 15 per cent, Cultures 2, 3, 8, and 9 were the only ones 
to produce visible mycelium and fruiting bodies. The 20 per cent solu- 


tion retarded all except Culture 9, and in a 25 per cent concentration» 


of salt none were able to grow during the 2 weeks incubation period. 
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In order to determine whether the cultures that had failed to grow on 
the buttermilk containing 15 per cent of salt were simply retarded or 
actually killed, a portion of each sample was plated on whey agar. 
Normal colonies were obtained from all such platings, proving that 
the spores were still viable but unable to grow in the strong brine. 
In a similar way, when samples were taken from the 25 per cent 
solution, it was found that Cultures 2, 3, 5, 8, 9, and to had been 
unharmed by the salt while Cultures 1, 4, 6, and 7 apparently had been 
destroyed, as no colonies were obtained. Accordingly, it appears that 
moderately strong brines retard the growth of certain species; higher 
concentrations may actually destroy some species. 


e. Sterile Butter Plus Salt 


Methods. A batch of sweet cream was autoclaved, cooled, churned 
in a sterile Dazey churn, and the butter washed with sterile water. 
The butter was divided into five lots, one of which was retained with- 
out salt as a check. Sterilized salt was added in varying amounts to 
the other four lots. All were worked as thoroly and carefully as pos- 
sible with sterile paddles. The salt contents of the four lots of salted 
butter, as determined by analysis, were 0.5, 0.8, 1.4, and 1.7 per cent, 
respectively. Small blocks of each were placed in petri plates and 
hardened at 0° C. over night. The next day they were inoculated by 
streaking the cultures across the surface. The intention was to incu- 
bate these samples at 5° to 6° C. at a high humidity for 6 weeks, but 
circumstances made it necessary to remove the plates from the humidor 
after one week. During the next 2 weeks they were kept at 5° to 6° C. 
but at a lower humidity. At the end of 3 weeks it was necessary to 
remove the samples from the cooler. For the following 3 weeks they 
were kept at 20° to 25° C. at a high humidity. Consequently, condi- 
tions were so variable that results are not very satisfactory. Analyses 
of the butters showed the following compositions : 


Per cent 
Salt cwatnran sure oe sae meee 0.0 0.5 0.8 1.4 1.7 
Wheateric ba. i ive easton nets opscosenoestart 14.0 14.4 14.2 14.2 14.8 
Salt sinh (btinetres ery ctntercneran: 0.0 3.4 nes 8.9 10.3 


This makes it possible to interpret the results in terms of those obtained 
with buttermilk, whey broth etc. 

Results. The results of this trial are recorded in Table XLVI. 
No growth was visible in any of the samples held at 6° C. during the 
2 weeks, except Culture 9, which had produced a small white spot in the 
unsalted butter. After 3 weeks, Cultures 1, 4, and g had developed visi- 
ble colored areas in the unsalted butter. The following week witnessed. 
the growth of Cultures 3 and 10 in addition to those mentioned. After 
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2 weeks at room temperature active development was observed for all 
cultures except 6 and 7. At the end of 6 weeks, Cultures 1, 2, 3, 4, 8, 
and g had shown some growth in all samples, salted and unsalted, but 
greatest in the latter. Cultures 5 and 10 were checked by the salt in 
the butter containing 0.8 per cent or more. Cultures 6 and 7 did not 
grow at all. When it is realized that the highest salt concentration 
on the basis of brine was 10.3 per cent in the butter containing 1.7 
per cent of salt, it is not surprising that some species were able to grow, 
as the same cultures had demonstrated their ability to do so in butter- 
milk containing an equivalent amount of salt. The checking of the 
growth of Cultures 5 and 10 in butter with a percentage of salt in 
brine of more than 5.3 per cent also is in accordance with the results 
obtained in buttermilk. These facts emphasize the importance of con- 
sidering the salt content of butter in terms of the percentage of salt 
in brine when it is to be taken into account as a preservative or deter- 
rent of mold growth. 


f. Sterile Butter Plus Salt 


Methods. Sweet cream was autoclaved, cooled, churned in a Dazey 
churn, and the butter washed with sterile water. The butter was divided 
into four lots, one of which was left unsalted to serve as a check. Sterile 
salt was added to the three portions in amounts sufficient to give final 
salt contents of 1.2, 2.6, and 2.9 per cent, respectively. Each lot of 
butter was worked separately with sterile paddles and under aseptic 
conditions. Blocks of each butter were placed in petri plates and held 
at o° C. over night for hardening. The samples were inoculated on 
the surface and placed in the metal humidor and stored at 1o° C. for 
6 weeks at a relative humidity of 100 per cent. 

The composition of these four lots of butter as determined by 
analysis was as follows: 


Per cent 
Salt Sachem penn tia ee eee 0.0 1.2 2.6 2.9 
ABE N os memes cement Mave cece a ecm nates 15.0 15.6 16.0 16.0 
Salteunt brine speeeiee eee 0.0 75h 13.9 15.3 


Results. The data are reported in Table XLVII. Cultures 8 and 9 
were the only ones to show growth during the first 2 weeks and then 
only on the unsalted butter. After 3 weeks Cultures 1 and 4 grew on 
the unsalted butter; Cultures 8 and 9 also developed on the butter 
containing 1.2 per cent salt. Cultures 1, 4, 8, and 9 developed exten- 
sively in the unsalted butter after 4 weeks and Cultures 5, 6, and 10 
became barely visible. In the butter containing 1.2 per cent salt, Cul- 
tures 1, 4, 8, and 9 grew slightly. Culture 1 produced a small dark 
green spot on the butter with 2.6 per cent salt; Cultures 8 and 9 grew 
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on both the 2.6 per cent and the 2.9 per cent samples. During the 6 
weeks, Cultures 1, 4, 8, and 9 developed exceedingly well, but Cultures 
5 and 10 set up scanty aerial mycelium, in the unsalted butter. In the 
butter containing 1.2 per cent salt, Cultures 1, 4, 8, and 9 grew exten- 
sively, and Culture 5 sparsely. On the butters with the higher salt 
concentrations, Cultures 1, 4, 8, and 9 produced fairly distinct discolor- 
ations. These results are more or less in accordance with previous 
observations of the growth of these molds on media containing salt, 
when the salt content is considered from the standpoint of its concen- 
tration in the brine. The failure of Cultures 6 and 7 to show visible 
growth even in unsalted butter has been the rule, altho evidence leads 
to the belief that they actually may be growing even tho a visible myce- 
lium does not appear. The explanation of the failure of Cultures 2 
and 3 to develop may be found in the temperature of incubation. Pre- 
vious observations demonstrated that these species did not grow well 
in the most favorable substrate at temperatures as low as 10° C., also 
that a set of samples similar to those considered in Table XLVII was 
kept at the same temperature but at a relative humidity of 70 to 75 per 
cent. These samples gave no sign of growth after 3 weeks. 


g. Butter Made from Inoculated Cream Plus Salt 

Methods. The butter was made from sterile cream inoculated and 
handled according to the procedure outlined under “b” on page 47. 
The butter in each case was divided into four lots and worked with 


varying percentages of salt. The amount of salt in each lot is indi- 


cated in Table XLVIII. Considerable difficulty was encountered in 
churning the cream inoculated with Culture 10. It took more than an 
hour, while ordinarily the churning period was 10 or 15 minutes. At 
the other extreme, only 2 minutes were required to churn the creams 
containing Cultures 2 and 3. In these three samples the water con- 
tent was exceedingly high and the butter little more than a paste. 
The percentage of water in the various samples was as follows: 


Culture : Water % 
Sh 3 <5 0B 8-0 :e00 2 CREED ne RR eer 16.8 to 19.4 
EN Pe My. cs, stein fd ete Siar ahs ave 364 wfeee 46.2 to 508 
Nt fees aire se ola) cual aiaete aie «gigs gare ola 35.0 to 36.8 
EL anh o9}t365 300, 0G are eer 18.4 to 20.0 
Sy in oak dae ib Cd COTE ELSE ERG CE ene aa ee er 15.0 to 10.4 
TR RPT ec) e602 = Sava pan diese ecalavarrs sxaicesae 21.0 to 21.8 
FP sec aS rhb ald og SNS ces 3:0 CRON RN Sane ORME CCI ERE eee me 21.6 to 23.4 
It evvecd.0e% 5 oles biG ENERO Gy DRC REO Eye nee 15.0 to 19.5 
O <n chasis \sehene.es GHe Beas Ot eee eee rr 19.2 to 20.2 


NO. yaw weeks Seon coe cies 6.000180 CO DUR C enna ete 47.4 to 51.2 
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The percentage of salt in brine under these conditions is as follows = 


Culture Salt in Brine % 
Lek et ket ee eee ee eee of 42 13.8 18.4 
Ee ARO LT ire Mca rae oer 0) 2.0 4.5 be 
MON ae eee eee a aa ) 3.9 5.0 Il.4 
7 oy on GEE BA en eae eee oR 0) 7.4 12.4 15.2 
RPT Sepa Seliy ae rage. te, AR oh 0 93 12.7 15.3 
OF Barter incre Ret cnt eenbots arya 0) 6.0 6.9 12.5 
7 AO Ne ene Case OSS (o) 4.0 8.2 12.1 
Girton see cunrager crane Patel rasoveta ene ea eamey at (0) 4.5 Ties 13.3 
OM eee malta aoe nea (0) 6.2 10.3 12.9 
TO? erate ake Ee Rees ere OO Ce) 2 4.2 7.8 


The butter samples were stored for 6 weeks at a temperature of 20° 
to 25° C. Each plate contained one cc. of added water, which was 
replenished at intervals to maintain a high humidity. 

Results. The results of this experiment are shown in Table 
XLVIII. Cultures 1, 6, 7, and to failed to give any visible evidence 
of growth, altho alterations in the aroma of the butter were marked. 
Culture 5 showed some development of aerial mycelium in the unsalted 
but was not able to grow in the salted butter. The other cultures gave 
irregular results that are not easy to explain, but Cultures 2, 3, 4, 8, 
and g showed a tendency to grow at all salt concentrations used ; 
the trend being toward less growth in the most highly salted sample. 
Plate IV illustrates the character of the growth of Culture 4 on butters 
containing varicus amounts of salt. The unsalted sample would scarcely 
be recognized as butter. 


DISCUSSION OF RESULTS 


The data obtained in the experiments reported in the preceding 
pages give clues to some of the important factors influencing the growth 
of molds in butter. For convenience, these factors will be discussed in 
the order in which they were studied. 

Food supply.—<As pointed out in the review of literature, micro- 
organisms must have sufficient and satisfactory nutrients if they are to 
develop and carry on the metabolic processes of growing cells. While 
certain types of organisms are able to subsist on compounds that are 
practically pure inorganic substances, the majority of the familiar forms 
require a diversity of foodstuffs. It is generally agreed that fungi 
seek, especially, compounds containing carbon, oxygen, hydrogen, and 
nitrogen, particularly in the form of organic substances. In nature, 
most of the materials carrying these four elements also contain others 
such as phosphorus, sulphur, and a great variety of mineral elements, 
either intimately as a part of such compounds, or as impurities. The, 
familiar substances commonly classed as fats, proteins, carbohydrates, 
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TABLE XLVII]I 


Errect or SAtt upon GrowtH oF Morp Cutturrs In ButtrerR MADE FROM 
Inocutatep CREAM 


Extent of growth at 20-25° C., high humidity, after 


Culture Per cent —— ~ = . 
of salt 1 week 2 weeks 3 weeks 4 weeks 5 weeks 6 weeks 
1. Alt, humicola ... 0.0 — — — = = = 
Tab — = = Bae eae <J 
2.7 _ Ss = = is = 
4.2 — = = == = = 
BENTH OES oo scitecn 90 0.0 +WY + ++YG ++ + 4- ++ 
1.4 Biaeten x =-45 ase ae Siete ate AP aRAe iad 
2.2 ++YG Siaeieats Salat Seat Shecie ate ip tate 
4.0 eG SPae state atest AEA =toaia 
FAA METER «1. ei wis incon 0.0 +B +- — aa + ~ 
ns ++B + +++ +++ +44 +44 
23 ++B ++ ++ ++ ++ ++ 
4-5 +B fete Siete a Staats Arar 
4. H, cladosporioides 0.0 +--G +++ +++ Tae eee Searels 
16 +G ++ + ++ a ~+ 
2.7 +G och Staats aii ae Ap ae Storia 
3-3 +G + = + as ae 
5. M. sylvaticus ... 0.0 +W ++ ++ ++ es nase 
1.1 _ = = a ae = 
2.3 —_ = — = = as 
335 _ — = me ne Eat 
6. O. lactis var. A. 0.0 = — = a == a= 
1.4 _ = = = = ws 
1.6 _ — — SS sy = 
3-0 = — oaks == aa = 
7. O. lactis var. B. 0.0 — = ae we as = 
0.9 — = = = peek = 
2.3 — — = = = ee 
Ant — = = — ae oe 
8. Pe biforme: 2... 0.0 +W + + + ae a 
0.7 = — = = a 23 
a3) +WG +6 + ae + ue 
Bat = +G + — - + 
9. P. expansum 0.0 +G ae ++ SESE cose Jee 
13 +G +4 = aa ++ ++ 
2.2 +G ++ ++ ++ ++ ++ 
3.0 epee im aE aS se + 
10. KR. nigricans 0.0 —_— — = = = = 
Tes — — = = 2 = 
2.1 _— = = = = = 
4.0 — — = ee = oe 
(Cae flanks Greea 0.0 _ = — = = is 


and mineral salts and the materials related to them furnish the great 
variety of essential elements for microbiological activity. Butter is a 
substance consisting principally of a mixture of fats that carry a rich 
supply of carbon, oxygen, and hydrogen. Held within this mass of 
fat are droplets of material consisting of such substances as the pro- 
teins, casein and albumin, the carbohydrate lactose, a variety of mineral 
salts, and by-products of the decomposition of any of these compounds, 


all in association with a relatively large amount of water. 
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It seemed desirable that a study should be made of the relative value 
of the various constituents of butter as foods for molds, specifically for 
cultures that were selected as representative of the species commonly 
found in butter. (See p. 22.) As fat is the principal constituent of 
butter, it was made the subject of the first trials. It is generally agreed 
that fat is not the most desirable food for microorganisms. This does 
not mean, however, that all forms fail to utilize the various glycerides. 
While it is not easy to obtain fat in an absolutely pure state, it is 
possible to purify it with reasonable success without altering its char- 
acter appreciably. As reported in previous pages, the species of molds 
studied did not make significant growth on purified butterfat unless 
some water was present. This is reasonable, as a certain amount of 
water is necessary for any biological process involving the metabolism 
of living protoplasm. When growth was obtained on the butterfat 
to which water had been added, there was a possibility that it was due 
to other substances present as impurities in the fat. At any rate, de- 
velopment was not extensive under these conditions and altho germina- 
tion of conidia occurred in some cases, the amount of mycelium formed 
was seldom great. Microscopic studies showed that in some instances 
initial development occurred but was soon checked and followed by a 
disintegration of the hyphae. The slight development on purified fats 
might well be attributed to a supply of nutrients within the inoculum, 
and present in such minute quantities that growth was soon impossible. 
The trials with butterfat obtained from various sources and treated in 
different ways did not show any particular advantage of one type of 
butterfat over another. None of them were to be considered as very 
satisfactory direct sources of food for the early development of the 
molds being studied, even when water was present to improve the op- 
portunities for growth. These results are in line with previous investi- 
gations and in accordance with the observation that butter oils seldom 
are affected with mold growth. 

Lecithin, which contains nitrogen and phosphorus in addition to 
carbon, hydrogen, and oxygen, is known to exist in butter. When this 
substance, obtained from dried buttermilk and in a highly purified con- 
dition, was emulsified in water and inoculated with the experimental 
cultures, growth was observed in every case. In this preparation some 
of the cultures developed only in the depth of the liquid, but the species 
that produce the most extensive growth on butter developed reason- 
ably well on the surface. When a solid substrate was afforded the 
cultures, the growth was much more marked. 

Everyone familiar with the butter industry appreciates that molding 
most often occurs after butter has been stored for a time. During 
this time the fats may be hydrolyzed so that glycerol and the con- 
stituent acids are released. In this connection, it was desirable to 
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consider the value of glycerol and some of the organic acids commonly 
present in the mixed glycerides known as fat. It was found that 
glycerol was not a particularly favorable source of food for the cul- 
tures used, at least in the concentration employed. Development below 
the surface, in almost every instance, was much better than that on 
the surface of the medium, whether the glycerol was in a liquid ‘or 
a solid medium. Butyric acid was the only water-soluble fatty acid 
studied. In the one per cent aqueous solution of this common hydro- 
lytic product of butterfat, growth was not observed in any instance. 
Apparently it was toxic for the cultures studied. The growth in the 
unsaturated oleic acid was much better than that obtained on the 
saturated palmitic acid, which in turn appeared to be more nearly 
suited to the demands of the molds studied than the other typical 
saturated fatty acid, stearic. As oleic acid predominates in butterfat, 
on some occasions it may be called upon to furnish the food supply 
of molds. 

In a general way butterfat, lecithin, and related substances, were 
not particularly satisfactory sources of food for the early development 
of the conidia of the mold cultures used. Normal growth was not 
obtained in any of these substances, even where sufficient quantities 
of water were present. It is conceivable, however, that these com- 
pounds may be utilized readily by molds that have made their early 
development of mycelium upon substrata furnishing more suitable food 
supplies, and after the enzymes necessary to split the fats into readily 
assimilable compounds have been formed. Many of the typical flavors. 
and odors produced in butter and cheese, such as those characteristic 
of Roquefort cheese, are associated with fat hydrolysis by molds. 
Such a flavor and aroma was noticeable in some of the fat, water, 
and agar combinations before there were any visible signs of mycelium. 
This hydrolysis of the fat may have been the result of enzymes car- 
ried by the inoculum, but it is possible that the germinated hyphae 
produced enzymes when they were called upon to supply nourishment, 
with fat as the only available source of food. Fat and its related 
compounds must be considered as potential sources of food for mold 
growth. 

Nitrogen is one of the most important of the elements for the 
metabolism of the living cell. Many nitrogen-bearing compounds are 
suitable for this purpose but natural proteins, their split products 
(peptone, am.no acids, etc.), and related compounds are generally con- 
sidered the most satisfactory sources of nitrogen for microorganisms. 


| Organisms that can obtain their nitrogen directly from the atmosphere 


as elementary nitrogen, are known but the species under investigation 
have not been shown capable of fixing nitrogen in this manner. Rather, 
they must use other sources of supply. The part of butter that fur- 
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nishes nitrogen compounds in considerable amounts is known as the 
curd. This is really a misnomer, as casein, albumin, and similar nitro- 
genous complexes normally found in milk are carried over into the 
butter in much the same form as they exist in milk, or more correctly, 
in buttermilk. This buttermilk is held in butter principally in the form 
of tiny droplets, with a full quota of the water, which makes up the 
bulk of buttermilk. As a starting point in the investigation of the 
‘value of nitrogenous substances as a source of food for molds, solu- 
tions of peptone were used. The germination and hyphal development 
-of the cultures on this substrate were both rapid and luxuriant, and 
growth was as extensive as might be desired. In contrast with the 
tendency toward subsurface development in the fatty substances, the 
growth on peptone was predominately on the surface. The more 
noticeable surface development of the cultures upon lecithin prepara- 
tions than upon fats or fatty acids may be due to a nitrogen-bearing 
radical in the lecithin molecule. 

In order to obtain an idea of the usefulness of the actual curd por- 
tion of butter for the growth of molds, the fat was removed from a 
sample of typical butter so that the curd and water portion became 
available. (See page 35.) This substance consisted of a mixture of 
-casein, albumin, lactose, and mineral salts, with about 85 per cent of 
water. The growth of the test cultures on this substrate was prompt 
and luxuriant. When this material was dialyzed to remove some of 
the soluble constituents, such as lactose, mineral salts, and other dif- 
fusible compounds, the residue served adequately as a source of food 
for the molds being studied. While growth was not quite so rapid 
as upon the original mixture, it became equally extensive in a short 
time. This demonstrated that the important constituents were not dif- 
fused through a collodion membrane and indicated that the principal 
‘sources of subsistence were the colloidal compounds of nitrogen. 

As a further test of the non-fatty portions of butter, which were 
to be considered as largely nitrogenous, from the theoretical standpoint 
-at least, the sera obtained from the successive washings and separations 
of cream (see page 36) were employed as substrata for the cultures. 
“The first washings were found to be satisfactory sources of nutrients 
‘but each successive washing left less and less material for the needs of | 
a growing cell. This may be considered to indicate that a rich source 
of food is incorporated in butter in the form of the solids-not-fat in 
-cream.and that the purification of fat by successive washings and sepa- 
rations may remove so much of the food for fungi that growth would 
be materially retarded in the finished product consisting largely of fat. 
Preliminary studies now under way lead the writer to believe that this 
is actually the case. 
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As lactose is a constituent of butter, an investigation was under- 
taken to determine its suitability as a food for the experimental cul- 
tures. In an aqueous solution of lactose, growth was very meager, 
especially on the surface. Some subsurface mycelial development was. 
noted, especially in the bottom of the liquid. When the lactose was. 
held in a washed agar medium, growth was somewhat better, especially 
in the depth of the agar. A penetration of the substrate occurred with 
all cultures. The species of Hormodendrum and Alternaria grew 
luxuriantly below the surface and carried a deep green and almost 
black color in their mycelia; very scanty growth appeared on the 
surface. 

Lactic acid, which is so commonly formed by the fermentation of 
lactose, did not prove a satisfactory food source and, in general, growth 
of the molds studied was poor at the concentration used. 

The diffusate obtained by the dialysis of the curd of butter was a 
much more satisfactory substrate than pure lactose solutions. This. 
may be attributed to the presence of soluble nitrogen compounds and 
mineral salts in addition to lactose. At any rate, with the diffusate the 
growth was limited almost entirely to the surface of the liquid, which 
is suggestive of the results obtained with nitrogenous substances. De- 
velopment was most active within a few days, and continued incubation 
did not significantly increase the visible mycelium. This indicates an 
early exhaustion of essential food elements. The belief that nitrogen 
compounds are the principal sources of nourishment was substant.ated 
in part by an observation on the pH of the substrate in different cul- 
tures. The initial pH of the diffusate was 6.4. After 3 weeks the 
hydrogen-ion concentration of the medium seeded with Cultures 6 and 
7, which developed the least, was pH 6.2 in each case. In the other 
cultures, the reaction was altered to points trom pH 7.0 to 7.6, which 
was suggestive of alkaline by-products of protein hydrolysis. 

Lactose was not satisfactory material for the growth of the test 
cultures. The more abundant growth in the depth of the medium was. 
in accordance with a similar phenomenon in the case of substrata con- 
taining glycerol, fatty acids, and fats, all of which are compounds 
lacking nitrogen. The fact that subsurface growth was also noticeable 
in the non-nutritive washed agar medium, which served as a check,. 
might indicate that where the food supply was not especially favorable 
the tendency was toward deeper penetration of the substrate. This. 
is not an entirely satisfactory explanation, however. The species of 
Hormodendrum and Alternaria showed a tendency to spread into the 
_ depth of butter, much as they did on the above-mentioned media, and. 
produced similar dark-colored mycelium even when an adequate and 
desirable food supply was available. Some reason other than the lack 
of suitable food must be sought to explain this situation. 
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Almost everyone will concede that mineral elements of various 
sorts are essential for the growth of microorganisms. Fortunately, 
minute traces are ordinarily sufficient to meet the needs of the living 
cell. In a natural product like milk, they usually exist in combination 
with other constituents or as impurities, even after attempted purifica- 
tions. Molds would not be expected to grow in such a highly alkaline 
preparation as a solution of milk ash. The results presented demon- 
strate this. However, a 0.75 per cent solution was not sufficient to 
destroy the conidia, as evidenced by the fact that they were capable of 
normal growth when sources of nitrogen, carbon, etc., were supplied. 
It is surprising that growth occurred in such an ash solution even when 
it was neutralized, as theoretically no nitrogen or carbon was present. 
‘These elements might have been supplied from some other source 
when molds were able to grow in a neutralized ash solution. 

Growth of the cultures in mixtures of butterfat, lecithin, and water 
was not conspicuous. The surface tension may be a factor in this, 
as both of the former substances depress the surface tension, the com- 
bination perhaps more than either alone. The presence of particles 
of milk ash on butterfat, in an environment well supplied with water, 
appeared to encourage the development of certain species but could 
not be considered as giving good growth. When the solutions of ash 
were mixed more intimately with the fat, the growth was much better. 
This probably means that the mineral salts added a stimulus for the 
attack upon fat. 

The results with a combination of peptone and lactose in liquid or 
solid media indicated how important is a nitrogenous compound for 
the development of fungi. While the proportion of growth on the 
surface of the medium was much greater than on simple lactose sub- 
strata, there was a greater tendency for subsurface mycelium to de- 
velop than in pure peptone solutions. This may mean that there is 
something fundamental about the mode of development of molds upon 
nitrogenous and non-nitrogenous media. The disturbance in the normal 
‘surface development of molds in the presence of such substances as 
lactose, glycerol, fatty acids, and fat is striking. 

Altogether, butter provides a wide variety of foodstuffs, quite suf- _ 
ficient to sustain the growth of molds.. The important consideration is 
not the amount or quality of the food, however, but its availability. 
‘The physical structure of butter must be taken into account, as the 
most desirable nutrients are dispersed in minute droplets throughout 
the mass of fat. If the molds happen to be situated where this food 
is accessible, and if other factors are favorable, growth should take 
place freely. 

Moisture.—The effect of moisture on the growth of molds is’ 
‘clear. All living protoplasm has a relatively high moisture content and 
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the normal nutrition of the cell takes place from a food supply dis- 
persed in an aqueous dispersion medium. 

Moisture-free fat is not a good substrate for growth. Butter regu- 
larly carries a reasonable amount of moisture even upon a basis of 
percentage total composition. When it is borne in mind that butter is 
more than 80 per cent fat, and that the water, constituting from’ 12 
to 16 per cent of the total weight, is largely in association with the 
nitrogenous compounds as well as the lactose, mineral salts, and various 
traces of other.compounds, in the form of buttermilk droplets, it may 
be appreciated that there should be a plentiful supply of moisture for 
the growth of molds. It has already been pointed out that by actual 
analysis the curd portion of butter was about 85 per cent water. There- 
fore it may be assumed with reasonable assurance of correctness that 
the moisture conditions in normal butter are perfectly satisfactory. 

The humidity of the atmosphere, however, is not such a constant 
factor, especially in relation to the outer surface of butter. Sometimes 
butter is stored in a dry, well-ventilated refrigerator, or again in a 
damp place where the air is stagnant and evaporation slight so that 
the moisture on the surface of the butter is retained. The results of 
the experiments reported in preceding pages indicate that humidity may 
play a considerable part in the development of molds on butter. There 
is a significant fact which stands out in this connection, however. It 
appeared that sterile butter, inoculated on the surface with mold spores, 
failed to show any mold growth when kept in a storage room at a low 
humidity but extensive growth took place when the atmosphere was 
saturated with moisture. On the other hand, butter made from cream 
in which molds had been growing for several days developed moldy 
areas even under conditions of low humidity. Apparently a funda- 
mental difference is involved. In the first lot of butter the conidia 
found it difficult or impossible to germinate because of the lack of 
moisture brought about by evaporation on the surface; in butter in 
which molds were growing actively, the process was checked only 
temporarily during churning and continued afterwards because of the 
abundant supply of moisture obtained through the mycelium from the 
reservoirs of water in the droplets of buttermilk. This feature may 
be of practical significance. If infection takes place before churning 
and the molds are able to establish a mycelial development before the 
butter is made, growth may continue and the surface of the butter be 
marred in appearance, even tho the product be stored in an atmosphere 
low in moisture and conducive to rapid evaporation. On the other 
hand, if contamination takes place after the butter is made, and the 
finished product is kept at a low humidity, mold may not appear. Un- 
doubtedly, a dry, well-ventilated storage room may be an important 
factor in preventing the molding of butter. 
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Temperature.—The temperature at which mold growth occurs 
varies decidedly with the species of molds and the nature of the sub- 
strate. The results of the experiments reported demonstrate clearly that 
Aspergillus niger, and Aspergillus flavus were checked when the tem- 
perature of incubation was below 10° C. This indicates that these 
species need not be considered as responsible for the discoloration of 
butter as long as the product is kept at low temperatures. The growth 
of Rhizopus nigricans was inhibited at a temperature of 0° C. Species 
of Penicillium, Alternaria, and Hormodendrum were not so sensitive 
to low temperatures. This is significant, as these species are among the 
most common causes of molding in butter, even when it is kept at 
low temperature. The amount of salt in the butter also affected the 
growth of the various species at different temperatures. It had a more 
noticeable effect on the growth of the molds at low than at high tem- 
peratures. Time is a very important factor in the growth at lower 
temperatures. As might be expected, species which are able to grow 
at low temperatures may require considerable time before they can 
produce noticeable growth, also the species that are least inhibited by 
salt grow at the lower temperatures. As the amount of salt in the 
‘butter has a marked effect upon the freezing point of the water droplets 
‘containing the food materials, with a high salt content the nutrients 
may remain in a liquid substrate at temperatures much below the 
ordinary freezing point of water. Consequently, species able to grow 
at low temperatures and at high salt concentrations may bring about 
the molding of butter in storage if time is allowed for their growth. 
‘The temperatures used in these studies were not especially low, so it 
would be desirable to continue the investigations at much lower tem- 
peratures with species known to be common causes of molding in 
butter. 

Atmosphere.—The effect of atmospheric conditions, aside from 
humidity, upon the growth of molds, is worth consideration. The re- 
sults of the experiments reported here indicate that a sufficient supply 
of oxygen is essential for the development of the ordinary molds. 
‘When the amount of available oxygen was reduced by a partial evacua- 
tion of the air within a sealed container in which infected butter was 


stored, the growth was retarded but, in time, development began. It is | 


possible that oxygen was released from the food constituents after the 
‘atmospheric oxygen was consumed and eventually permitted satisfac- 
tory growth of most of the species studied. Where the oxygen was 
removed so that anaerobic conditions existed, no growth of molds 
occurred. Butter is seldom stored where oxygen is completely ex- 
‘cluded. Sometimes it is placed in containers upon which a partial 


vacuum is drawn. Consequently, under ordinary commercial condi-' ~ 


tions, the supply of oxygen may be considered reasonably satisfactory. 
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In sealed containers, mold growth may appear, as it sometimes does. 
in canned condensed milk. This condition was studied in the experi- 
ment in which butter was. kept in a partial vacuum. It is not econom- 
ically feasible, however, to handle butter where all oxygen is removed. 
It may be possible to replace the oxygen by some inert gas, but experi- 

ments are necessary to demonstrate the practicability of such a plan. 
The partial removal of carbon dioxide from the atmosphere in which 
butter was stored did not retard mold development in the experimental 
samples. How essential carbon dioxide is for mold growth has not 
been determined, but further studies should be made to ascertain this. 
point. Without doubt, atmospheric conditions influence mold develop- 
ment, but to what extent is not yet evident. The fact that certain 
species were able to grow so extensively in the depth of media contain- 
ing carbohydrates, fatty acids, glycerol, etc., raises a question as to: 
these relationships. 

Salt—The amount of salt in butter is unquestionably an im- 
portant factor influencing the growth of molds. The results presented 
in the foregoing pages demonstrate that the effect of salt upon growth 
depends especially upon the species of molds, the amount of moisture,. 
and the temperature. In accordance with many previous investigations, 
Oospora lactis was checked by a slight concentration of sodium chloride 
in the substrate. The disappearance of this fungus in salted butter 
may be explained on this basis. The species of Mucor and Rhizopus. 
studied were only slightly more resistant to salt and consequently would 
not be expected to be important in the molding of salted butter. Asper- 

gillus niger and Aspergillus flavus are resistant to high salt concentra- 
tions, but when butter was kept at temperatures below 10° C. growth 
was impeded. For this reason, their importance as causes of molding 
in butter stored at the usual commercial temperatures is slight. The- 
other molds studied—Alternaria, Hormodendrum, and Penicillium— 
were found to be capable of growing in high salt concentrations and at 
the lower temperatures. As these species produce the most marked 
changes in the appearance, flavor, and aroma of butter when they are 
able to develop, they are of major importance. The species of Alter- 
naria and Hormodendrum studied produced dark green, almost black,. 
smudgy areas. Their mycelia spread considerable distances from the 
point of infection, both along the surface and to considerable depths im 
the butter. The species of Penicillium used did not mar the appear- 
ance of the butter particularly, altho in some cases sufficient green 
fruiting bodies were formed to give a slight, dusty discoloration of the 
surface. The cultures of Penicillium affected largely the flavor and’ 
aroma. Butters in which these species were growing became distinctly 
_. cheesy in flavor and odor, and in these characters suggested Roquefort 
cheese. In any consideration of the effect of salt on the growth of mold 


74 MINNESOTA TECHNICAL BULLETIN 64 


in butter, the concentration of the salt in the droplets of water within 
the butter must be taken into account. Even tho a gravimetric analysis 
of butter may indicate a high salt content, it is important to know how 
much water is present to carry this salt. Some of the experiments 
reported in the preceding pages illustrate this point. If the percentages 
of water and salt are both high, the concentration of salt in the water 
may not be any higher than if both are low. Equally, if the water 
content is low and the salt content moderately high, the brine may be 
highly concentrated. Then, also, the salt may be unevenly distributed 
in the minute droplets of moisture within the butter. Some may repre- 
sent a strong and others a weak brine. The number of conidia in butter, 
even under extreme conditions, will seldom be large and never consid- 
erable in proportion to the number of water droplets. It is conceivable 
that a conidium may be allocated to a droplet of water containing little 
or no salt and an abundant supply of food and accordingly be able to 
germinate and develop without restraint. Only one such instance would 
lead to serious consequences as far as molding is concerned. Thus the 
effect of salt on the growth of mold on butter will depend entirely upon 
the relative concentration of the salt in the droplets in which the mold 
spores, or mycelium, may be located. This may partly explain the mold- 
ing of salted butter, even tho the composition of the butter and type 
of mold may at first have been considered sufficient reasons for ex- 
pecting protection against such a contingency. 

Species of molds.—It is clearly evident that the species of molds 
must be considered as factors in the molding of butter. A wide variety 
of species has been isolated from butter. Among these, the ten selected 
for the studies reported were all capable of growing in butter under 
favorable conditions. [From the standpoint of visible growth, Oospora 
lactis was least noticeable. It seldom appeared on the surface of the 
inoculated butter but evidently was able to develop in unsalted butter, 
as shown by the fact that in nearly every instance the odor of the butter 

ecame distinctly cheesy, resembling most closely the odor of Cheddar 
or Brick cheese. Aspergillus flavus produced a slight, white felt upon 
the butter and also fruited extensively to produce yellow or yellowish- 
green sporangia above the surface of the butter. It produced a rather | 
indefinite change in the aroma of the butter that was suggestive of fat 
hydrolysis and bordered on that produced in Roquefort cheese. Asper- 
gillus niger likewise formed a white, cottony layer of mycelium from 
which a large number of chocolate-brown or black sporangia arose. 
The odor produced in the butter was much the same as that observed 
with Aspergillus flavus. Alternaria humicola grew extensively in the 
form of a white, surface mycelium that eventually became dark green, 
and penetrated into the butter to cause a very dark green or black 
smudge. The odor produced was peculiar, with a suggestion of acetic 
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and butyric acids as well as a slight cheesiness, resembling a rather 
poor quality of Cheddar. Hormodendrum cladosporioides grew rapidly 
and extensively, producing dark green fruiting bodies promptly and 
sending dark green or black hyphae into the butter and spreading 
widely over the surface. The principal change in the odor of the 
butter was the development of mustiness, with a faint suggestion of 
the aroma of an old cottage cheese. Mucor sylvaticus sent up an ex- 
tensive aerial mycelium terminating in numerous grayish or black 
sporangia. The odor of the butter was rather indefinite but resembled 
acetic and butyric acids, and also suggested tallow. Penicillium 
expansum and Penicillium biforme produced white, cushion-like 
spots which, in time, became gray-green to blue-green. The aroma of 
both species was decidedly like that of Roquefort cheese, altho some 
other indefinable odors were noticeable. The observation that the 
Penicillium species were capable of producing the characteristic odor 
of Roquefort cheese in butterfat and butter when there were no visible 
signs of growth deserves mention. In a similar way, other molds may 
bring about alterations in the flavor or aroma of butter without affect- 
ing the appearance. Rhizopus nigricans grew well on the unsalted 
butter and appeared as a mass of aerial mycelium topped with many 
black sporangia. The odor was not markedly affected altho a slight 
acetic acid aroma appeared in time. As may be seen, most of the mold 
species studied grew well in butter when humidity, temperature, atmos- 
phere, and salt concentration were favorable, and produced evident 
changes in the appearance and odor of the butter. The other species 
of molds isolated should be studied in a similar manner, to determine 
which can actually grow in butter and, if growth is possible, what 
conditions influence the development. 

It is evident that, qualitatively and quantitatively, butter contains a 
satisfactory supply of food for mold growth. Whether or not molds 
will develop upon a given lot of butter depends upon several factors, 
among which must be considered, especially, the extent of contamina- 
tion, the species of molds, the supply of oxygen, the temperature, and 
the concentration of salt in the aqueous portion of the butter carrying 
the major portion of the most useful food constituents. A great deal 
of work remains to be done to elucidate some of these points. 


SUMMARY 


1. Studies were made of some of the factors influencing the growth 
of molds in butter. 

2. The ten species of molds isolated from butter and selected for 
the investigations, were as follows: Alternaria humicola, Aspergillus 
flavus, Aspergillus niger, Hormodendrum cladosporioides, Mucor syl- 
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vaticus, Oospora lactis var. A., Oospora lactis var. B., Penicillium. 
biforme, Penicillium expansum, and Rhisopus migricans. 

3. The influence of the food supply, moisture, atmosphere, temper- 
ature, and salt concentration upon the growth of the ten species was. 
studied. 

4. Purified butterfat was not a readily utilizable food, unless water 
was present. In that case, growth was only moderate, however. 

5. Lecithin proved to be a reasonably satisfactory food for the: 
molds studied. 

6. The hydrolytic products of fat that provided fairly satisfactory 
nutriment were glycerol, palmitic acid, and oleic acid. Alternaria 
humicola made slight growth on media containing stearic acid as the 
only source of food. No growth occurred on a one per cent solution 
of butyric acid. 

7. Compounds containing nitrogen, such as peptone, curd from but- 
ter, and serum from cream, were found to be excellent sources of food. 
Growth was luxuriant on the substrata containing these nitrogenous: 
substances. 

8. Lactose and lactic acid in one per cent solutions did not furnish: 
especially good nutriment. 

g. Solutions of milk ash were not readily utilized by the molds. 
studied unless they were neutralized. 

10. Combinations of fat, lecithin, and water; fat and ash; fat, ash,,. 
and water; and lactose and peptone, provided far better growth than 
was obtained on the single substances. 

11. The molds grew most extensively on the surfaces of media. 
containing nitrogen-bearing compounds. 

12. The growth on substrata containing fats, fatty acids, glyceroll,. 
lactose, or lactic acid was largely below the surface of the medium. 

13. Unsalted butter containing a mixture of fat, protein, carbo- 
hydrate, and ash supported active growth. 

14. The humidity of the atmosphere had a marked influence upon 
the growth of the molds on butter, especially when the surface of the 
butter was contaminated. At low humidities growth was checked. 


When the molds were actively growing in the cream before the butter | 


was made, the humidity had a less pronounced effect upon the growth.. 

15. Temperature exerted a marked influence upon the growth of 
the species in various substrata. Growth was active in all at 20° to 
25° C. Aspergillus flavus was checked at a temperature of 10° C. or 
lower ; Aspergillus niger and Rhizopus nigricans at 0° C. Mucor syl- 
vaticus grew in whey media and buttermilk, but not in butter kept 
at o°. The other species were able to develop at 0° C. but the growth 


was not so extensive or so rapid as that at 10° and 20° C. Time is a_ 


factor influencing the growth at low temperatures. 
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16. The species of molds studied were able to grow on butter at 20° 
to 25° C. when under a vacuum of 25 inches. 

17. Partially removing carbon dioxide from the atmosphere did not 
prevent the growth of the molds on butter. 

18. None of the molds were able to develop when the oxygen was 
exhausted from the atmosphere. 

19. Salt exerted a marked effect upon the growth of certain species. 

20. Oospora lactis, Mucor sylvaticus, and Rhizopus nigricans were 
most readily affected and their growth was inhibited when the concen- 
tration of salt exceeded 5 per cent. 

21. Alternaria humicola, Aspergillus flavus, Aspergillus niger, Hor- 
modendrum cladosporioides, Penicillium biforme, and Penicillium ex- 
pansum were capable of growing in media containing 15 per cent of 
salt. In some cases, the species of Penicillium showed slight growth 
when the percentage was as high as 20 per.cent. 

22. The extent to which salt inhibited the growth of the molds 
studied depended upon the species of molds, and the temperature of 
incubation. 

23. All the species of molds studied were able to grow on butter 
when conditions were favorable. 

24. The appearance of the butter was marred most extensively by 
Alternaria humicola and Hormodendrum cladosporioides. The flavor 
and odor of the butter were affected seriously by all the other species. 

25. As an ample food and water supply are provided, the growth 
of molds in butter appears to depend largely upon the species of mold, 
the humidity of the atmosphere, the supply of oxygen, the temperature 
of storage, time, and the concentration of salt. These influences may 
‘act separately or collectively. 
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Plate 1. Comparative Growth of Test Cultures on One Per Cent Lactose in 
1.5 Per Cent Washed Agar and on One Per Cent Lactose + One Per 
Cent Peptone in 1.5 Per Cent Washed Agar 
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Plate 2. Penetration of Mycelium into Substrate 
The apparent clouding in the medium containing lactose and peptone together 
is due largely to shadows cast from the surface mycelium. 
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MUTATION AND HYBRIDIZATION IN 
USTILAGO ZEAE’ 


Part 1. Mutation 


E. C. StakmAn, J. J. CHRISTENSEN, C. J. Ee, anD Bjorn PETURSON? 


INTRODUCTION 


Ustilago zeae (Beckm.) Ung. comprises an indefinite number of 
unisexual lines that differ in so many physiologic characters that it 
seems justifiable to consider them physiologic forms (44, 45). It 
seems scarcely necessary to point out the importance of an intimate 
knowledge of physiologic specialization of plant pathogenes. A clear 
concept of the implications of the phenomenon is especially important 
in taxonomic work, in epidemiology studies, in establishing plant quar- 
antines, and in breeding disease-resistant varieties of crop plants (8, 43). 
But it is important not only to know the number, pathogenic capabili- 
ties, and geographic distribution of forms now in existence but also to 
learn how commonly new forms are coming into being. The more 
precisely we can know what to expect, the more intelligently we can act. 

We know that corn smut is a destructive disease that can be con- 
trolled adequately only by using resistant varieties, and we know that 
such varieties can be produced (26, 30). But we know also that there 
are many physiologic forms of U. zeae, the pathogene causing most 
of the smut in the corn belt of the United States, and that selfed lines 
of corn may be resistant to some combinations of forms and suscep- 
tible to others (15). Assuming that some lines are resistant to all 
existing smut forms, it would be highly desirable to know whether 
new forms might arise to which they would be susceptible. This, then, 
raises the question as to the genetic stability of physiologic forms. 

Contrary to the older belief that differences between physiologic 
forms of many fungi are only phenotypic, there is abundant evidence 
that they are genotypic. The idea that forms change readily by a process 
of education or adaptation has been disproved to a considerable extent 
(43). This does not mean that new forms may not appear but that 
physiologic forms of fungi probably are not unique genetically. Their 
physiologic and parasitic characters are due to the interaction of 
genetic and environmental factors, as are the characters of higher 

+ This manuscript was submitted for publication in October, 1929. 

2 The writers are greatly indebted to numerous pathologists and agronomists in the United 
States and to Dr. Bela Husz of Hungary, Dr. E. Pantanelli of Italy, Dr. Louis M. Unamuno 
Yrigoyen of Spain,’ and Dr. J. Dufrenoy of France, for collections of corn smut. They are 


also indebted to Dr. W. F. Hanna for certain monosporidial isolations and to R. H. Bamberg 
and C. §. Holton for assistance in making monosporidial isolations and inoculations. 
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plants. Consequently the laws of inheritance apply in both cases. There 
seems to be no valid reason, then, for supposing that new physiologic 
forms originate otherwise than by hybridization and mutation. That 
they probably arise in both these ways in U. zeae has been shown by 
Christensen and Stakman (15) ; Stakman and Christensen (44) ; Stak- 
man, Christensen, and Hanna (45); and Hanna (24). But how often 
and under what circumstances they arise and what their pathogenic 
capabilities are after they have arisen is only imperfectly known. The 
writers have attempted an extensive study of physiologic specialization 
in U. zeae, because of its practical importance and because this species 
is very suitable for a study of the nature and origin of physiologic 
forms. 

The mature chlamydospores of U. zeae are diploid. On germi- 
nation they normally produce a promycelium in which reduction di- 
vision apparently occurs (24). The sporidia typically are uninucleate, 
altho they sometimes contain more than one nucleus, and the progeny 
of a single sporidium should constitute a clonal line, as it buds in a 
yeast-like manner and thus multiplies indefinitely by vegetative propa- 
gation. These haploid or gametic clonal lines grow readily in artificial 
culture, and single sporidia can be isolated easily; hence studies of 
mutation can be made under unusually favorable circumstances. Fur- 
thermore, U. geae usually is heterothallic, sexual fusions being pre- 
requisite to normal infection in most cases (19, 24, 44). There is a 
relatively short dikaryophase, followed by nuclear fusion and formation 
of the diploid chlamydospores. These chlamydospores usually are pro- 
duced about two weeks after the plants are inoculated, and they germi- 
nate readily ; consequently only a short time is required for hybridization 
studies. 

But there are difficulties in determining the pathogenicity of the new 
physiologic forms that arise by mutation and hybridization. Most 
monosporidial lines alone cannot cause normal infection. They rep- 
resent the saprogenic phase in the life history of the pathogene. More- 
over, the dikaryophytes and diplonts apparently cannot be produced on 
artificial culture media, but only in the living host. Therefore it is 
necessary to determine the pathogenicity of combinations of forms, as 
that of the individuals alone cannot be determined. This condition in 
the smuts is somewhat unique, being quite different from that in most 
other pathogenic fungi, in which individual monosporous lines can. 
cause infection.® 

It was the object of the present investigation to study the genetic — 
stability of U. zeae to obtain facts of value in the solution of the corn 

8 While this manuscript was being prepared, evidence was obtained by one of the authors 


(Christensen) that some monospordial lines could cause infection when inoculated singly into 
corn plants. The results are presented in Part II. 
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smut problem, and particularly to learn as much as possible about the 
general problem of the origin, nature, and importance of physiologic 
forms of pathogenic fungi. About 200 monosporidial lines of U. zeae 
have been studied more or less intensively, particularly with reference 
to mutation and hybridization. 


PREVIOUS WORK 


Kniep (31, 32) and Zillig (47), in their investigations of Ustilago 
violacea (Pers.) Fuck., called attention to the gametic nature of sporidia 
and thus laid the foundation for studies of hybridization and mutation 
in the Ustilaginales. 

Bauch (1), in 1925, was the first to record mutation in the smut 
fungi. He observed the phenomenon in Ustilago bromivora (Tul.) 
F. de W. Christensen and Stakman (15), Stakman, Christensen, and 
Hanna (45), and Hanna (24) demonstrated that mutation is very 
common in U. geae. Stakman, Christensen, and Hanna stated that a 
very large number of mutants might arise from monosporidial lines, 
which they consider haploid clones. They pointed out that the 
mutants might differ consistently from their parents and from each 
other in one or more of the following respects: morphology, cultural 
characters, and apparently sometimes in sex and potential pathogenicity. 
According to these authors, the frequency of mutation can be influ- 
enced by certain environmental conditions, altho suitable media often 
are necessary to bring out the differences between mutants. 

Part I of this bulletin records the data on mutation obtained by the 
writers during the past two years, and Part II gives the results of 
studies on hybridization. 


MATERIALS AND METHODS 


More than 200 monosporidial lines of U. zeae were isolated and 
observed to some extent in the study of mutation. The method of 
isolating sporidia was that described by Hanna (23). In some cases 
the individual sporidia were isolated directly from the promycelium, 
in others shortly after the sporidia had become detached, and in still 
others from cultures of smut lines that had been grown for many 
months, or, in some cases, years. 

The collections from which these monosporidial lines were derived 
were obtained from many different localities in the United States, 
from Canada, and from Hungary, Italy, France, and Spain. When 
cultures were made from collections of chlamydospores, the spores 
were soaked for twenty-four hours or longer ina I per cent copper sul- 
fate solution and then used either for pouring dilution plates or for 
making streak inoculations on agar. The individual sporidia were then 
isolated from the cultures. 


. 
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Monosporidial lines are designated by the locality from which they 
were obtained. If several distinct lines were isolated from a promy- 
celium, locality, or collection, each was given a letter of the alphabet. 
Thus Minn. A, Minn. B, Minn. C, and Minn. D were isolated from 
the same promycelium of a chlamydospore from a Minnesota collection. © 
The chlamydospores of an Italian collection received from Dr. Panta- 
nelli were plated out by the dilution method, and there were several 
types of resulting colonies. Transfers were made from them, and it 
was evident that there were several distinct cultural types. These lines 
were designated Italy A, Italy B, Italy C, Italy D, ete. Again, Dr. R. J. 
Garber sent three packets of chlamydospores from West Virginia, 
labeled ‘‘leaf strain,” “basal strain,’ and “ear strain,” indicating the 
region of the plant on which the galls had been produced. The lines 
isolated from these collections were named W. Va. A, W. Va. B, 
W. Va. C, respectively. All three lines showed a pronounced ten- 
dency to mutate, but mutations were especially numerous in line A. 
Nine mutants appeared within a short time and these were given 
numbers, thus: W. Va. Ar, W. Va. Az, and so on to W. Va. Ag. 
W. Va. A8& seemed a particularly promising line on which to make 
observations, as it soon produced eight distinct mutants. These in 
turn were numbered as follows: W. Va. A8-1 and so on to W. Va. 
A8-8. W. Va. A8-5, for example, indicates the fifth mutant from 
A8, which in turn is the eighth mutant from the original culture, 
W. Va. A. When the identity of a line is perfectly clear, as in 
tables and discussions of a series of mutants from one line, the local- 
ity designation sometimes is omitted for brevity. Thus, when it is 
clear that W. Va. A8-5 is meant, it is referred to simply as A8-5. 
When a number precedes the symbol for a given line, it shows how 
many times that line had been transferred in culture. For example, 
10 W. Va. A8-2 would mean that W. Va. A8-2 had been transferred 
IO successive times, and therefore had been in culture for a long period. 
This number is omitted except in certain cases in which it seems desir- 
able to indicate the number of transfers that had been made. : 

Many different kinds of nutrient media were used during the — 
course of the work. For stock cultures ordinary I per cent potato- 
dextrose agar generally was used. “Difco” agars were used for more 
careful work. The organism grows well on ordinary potato-dextrose 
agar, on potato-dextrose agar plus half strength Shive’s solution, on~ 
potato-dextrose-maltose agar, and on several other media. While sev- 
eral different media were used, some of which cannot be standardized 
accurately, the media on which smut lines were grown for comparison 
always were made up in one batch and equal amounts were poured 
into each flask to be inoculated. 
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Stock cultures were grown in test tubes but other cultures were 
grown in Erlenmeyer flasks of about 250 cc. capacity, where differences 
in cultural characters were readily observed and mutants could be seen 
to best advantage. 


HOW MUTANTS ARISE 


Mutating colonies are clearly shown in Plate I. It will be noted 
that most of the mutants appear as wedge- or fan-shaped sectors 
in the colony; but they may appear also as irregular patches at various 
places on the surface of the colony, as described by Brown for Fusa- 
rium (8). These patches can be seen clearly in Plate I, B. A large 
percentage of the sectors are likely to develop near the edge of the 
parent colony, while the patches are most likely to appear nearer the 
center. Sometimes the margin of a colony may be almost entirely 
occupied by sectors of different sizes, and, in a few cases observed, 
the surface of a colony was covered almost completely with “patch 
mutants.” The sectors vary greatly in shape, size, surface characters, 
consistency, sharpness of outline, and color, as will be noted from 
Plate I and Figure 3. By far the largest number of mutants observed 
by the writers appeared as rather sharply-defined sectors, and relatively 
few as patches. 

Clearly defined sectors not infrequently appear within sectors. For 
example, in a colony of W. Va. A8-4-3 there were 6 distinct sectors 
near the margin, and a number of patches near the center of the 
colony. The colony itself was dirty yellow in color and the surface 
was coarsely reticulated, almost morel-like in appearance. One of the 
sectors was large, fan-shaped, smooth, and pale yellow; three of them 
were small, wedge-shaped, smooth, and bright yellow; the fifth was 
irregularly rectangular, smooth, except for tangential striae, and fulig- 
inous in, color. Within the last sector, and extending to the margin, 
there was a sharply-defined, black, wedge-shaped sector. The patches 
near the center were dull black. 

It is evident that there would be no difficulty in detecting sectors 
like those shown in Plate I. But it is more difficult to see the patch 
mutants, especially when they are small and poorly developed. Under 
such circumstances it is often extremely difficult to make transfers 
from them, particularly if they are tough or viscous. One cannot 
always be sure of recovering even the parental form, as it seems cer- 
tain that there may be many mutant primordia that are not observable 
at all. For this reason the writers sometimes restricted their efforts 

- largely to the isolation of lines from the better-defined sectors in colonies 
that appeared relatively homogeneous except for the presence of the 
sectors, altho an attempt was made to take the mutants as they came. 


- 
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Nevertheless, many probably were negiected, but there were several 
thousands more than could have been studied in any case, so the neglect 
did not seem serious. 


FREQUENCY OF MUTATION 


The 200 monosporidial lines isolated were distinctly and consistently 
different from each other in cultural characters, and, in our opinion, 
may properly be considered physiologic forms, altho they usually are 
referred to as lines in this paper. U. zeae evidently comprises quite 
as many distinct lines as does corn. And this is not surprising when 
one observes how readily some lines of the fungus mutate. 

Most of the monosporidial lines studied have matured to a greater 
or less extent; altho some mutated more frequently than others. The 
200 lines have given rise to thousands of mutants during a period of 
two years. Stability is the exception to the rule—even those lines 
that appear to be stable for a long time may suddenly mutate abun- 
dantly. This was true of Canada A and Texas A, which had been 
grown in culture about four years without mutating. Suddenly they 


TABLE [I 
NumsBer or Mutants Propucep py Minn. A AND Twenty oF Its Mutant Lines WHEN 
Grown at Room TEMPERATURE ON Two DirFerRENr Kinps or AGAR MeptA, 
IN TRIPLICATE FLAsKs oF EacH 


Medium and number of mutants* 


Lines Potato dextrose Potato dextrose + 1 per 
+ 1 per cent cent malt + 2 Totals 
malt per cent sucrose 

Ta rathy GA oii cs eve nssersl b aecer isle lene akon greiner ue etenetiens 6 9 15 
AIT a Miitiens Heim cee ater ae Mi erent ss ° 2 2 
CATH) Mecho rotel spehater han eed ccperen seesersehcnste sieuers fo) to) o 
Yo eat PEALE SO Cite RO ie MITC L OTRO 8 4 12 
ASS ale ohele retary shay oeynleteiethe fee atiaea on ime ate 8 7 15 
INGE tin o AAMAS OND OD me, COLO mC OAIOC 5 7 12 
SALA BipAgr tacavelaraie Mnratefonegartrere erase herp eC RteTS 8 ° 8 
Wigcay Sis ecunee aly clomid tice tame ners 5T 5 10 
7 Wr ee aoa AC aK REDO OG CA GTIA AODUATOO 2 ot 6 15 
UNE Haare siotovetslotorsvatokagaeren sae ranaKcteret oi rseakate 5 7 12 
ENP meron a cura nbn DELS OO SUGANO cc 8 6 14 
UNSP Oren ese niga Oo SOBA AOU OU Orme oad DO OOS 2 3 5 
DG Me AOR AO BE PCOS OR SB AIOE OGG (0) to) fo) 
AS Yel taarstae cl lasshitee to meinnnn een eee aks ° fo) ° 
Bo yarns eer, Sete ICC On icy art eLA TAO eTO o ° I I 
WANT A sy tvcrredsve te alia abe olevalelejaene tech ouerere at eces (0) ° ° 
AATin Riateiatialeveretalen Stoietoy die toensicrcieierst orerart ae ° ° to) 
BATT eR aoe vstute somata nlaneaceatereta sie eae 4t 6 10 
PCEX Irs oO A CASOTES ORAS OOO DESO 8 I 9 
ATi sa rtaengs Meailevaticice otters ssrat-ereGe otete late edensias ° ° 
HWY on codpoaoghadoodope atootastoas a6 17 17 
76 81 157 


* The potato-dextrose agar was 4 per cent ‘‘Difco’’; the malt ,.as Merck’s powdered malt 
extract. 


f+ Duplicate flasks. 
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began to mutate and are continuing to do so. Mutants may in turn 
mutate, also in varying degrees. (See Fig. 3.) 

The differences in the tendency of various mutant lines to mutate 
are shown in Tables I, IJ, and III. 

Of the 21 lines listed in Table I, all but 6 mutated, 17 being the 
largest number of mutants produced by any one line in the 6 flasks. 
In all, there were 123 flasks, one colony in each, and 157 mutants 
appeared in them. Of these, 69 were distinct, the others apparently 
being duplicates. 

Table II shows clearly the differences in the tendency of different 
lines to mutate. In 6 colonies of W. Va. A8-4-3 there were 38 distinct 
mutants, an average of more than 6 in each colony, while there were 
only 2 in 5 colonies of A8-4, the immediate parent. There also were 
38 mutants in 6 colonies of A8-5-3. On the other hand, there were 
none in 4 flasks each of A8-4-2 and A8-4-5. In a total of 64 colonies 
in this experiment, 134 mutants appeared, an average of more than 2 
a colony, and 2 lines of the 12 contributed more than half of this num- 
ber. But perhaps the most conspicuous example of differences in lines 
with respect to mutation is the fact that, of the 162 distinct mutants 
derived from W. Va. A8, one line, A8-5, gave rise to 112 in 5 cultural 
generations, while A8-7, A8-8, A8-9, and A8-I0 gave rise to none at all. 


TABLE II 
NumsBer oF MuTANTS THAT APPEARED IN CERTAIN Mutant Lines or Ustilago Zeae DERIVED 
FRoM W. Va. A8, Grown ON THREE DirrerENT NutTriENT AGAR MEDIA 
in Dupticate FLasks For Each MEDIUM 


Medium and number of mutants 


Potato Potato dextrose plus half Litmus 


Lines dextrose strength Shives’ solution lactose Totals 
Oy A ANS SER Reo See eae eee 2 Om 2 
ioe? so bald SC COR eeCeEES 4 4* 8 
PNR EAS QUT A tesa eieiel ciclisia eicies'ersie 6 fo} mai (0) 
CAE Saisie tel eicelcicisiecs. 1s: 0 wieis\e 12 25 I 38 
DEOMI TET VetN ecg 91.6 ete) 0} «se 2.0 2 roy 3 
PRR UACOMRI CCS este s\ol ila icreisVorere%s. «0 bie ° 0 neal Cy) 
PUR MBAS SRY etafelsigieys #is:iieiee.ces © I 9 2 12 
JNA? er GCOS CO eee eee 5 2 3 10 
INES 2. 8 ARCS GS ISIE eIo 2 o Eo 4 
ROR RRM Detects spies aie acerdie so 9 20 9 38 
oo Sao Oo add AE 2 I 2 5 
PURER SOMMER sists Sisa/s eaves oe oe 5 2 7 14 
44 59 31 134 


* One flask only. 
+ Both flasks discarded. 


Two sporidia were isolated from a single promycelium and observa- 
tions made to determine the relative frequency of mutation in the two 
resulting monosporidial lines, Minn. A and Minn. D, grown on 6 
different culture media. The results are given in Table HII. It will 
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be noted that Minn. A produced 33 mutants, some on all media except 
one. Only 5 indistinct sectors appeared in colonies of Minn. D, on the 
other hand. This indicates that there probably was a segregation of 
factors that either directly or indirectly govern mutability. It had 
been found previously that the two lines were of opposite sex ;* there- 
fore segregation of sex factors certainly had taken place. 


TABLE III 


NuMBER OF MutTANTS THAT APPEARED IN CULTURES OF Two MownosporipIAL LINES OF 
Ustilago Zeae DERIVED FROM SPORIDIA OBTAINED FROM THE SAME PROMYCELIUM 


Sas 
Lines of U. zeae and number of mutants 
Medium* No. 
: flasks Minn. A Minn, D 

A. Some OtAtO AEXtLOSE: a aarerehelnets vars atin ine 2 4 0 
3-5 % Ker! See Ap oto o cotis nitro ns 2 6 0 
2 % do plus 2% :cornmeal,.... 3 8 fo) 
4 % do plus 0.5% peptone.... 3 6 st 
4 % do plus 2% sucrose .... 3 8 0 
Half strength Shive’s solution plus 1.2% 

ARAL Plus Gor AEXtLOSE) aye tuctehae steve! ctisiells 3 I to) 
Half strength Shive’s solution plus 1.2% 

agar plus 3% dextrose plus 3% lactose 3 ° oO 

MotalPeiaretccleteusmtvereteeatsrher ite eure arene eet 19 33 5 


* “Tifco”’ potato dextrose and cornmeal agars were used. 
7 Sectors in Minn. D not sharp. 


It seems evident from Tables I, II, and III not only that there are 
wide differences in the mutability of monosporidial lines but that mu- 
tation occurs with surprising frequency in some. To study all of the 
thousands of mutants that appeared was obviously impossible without 
enlisting the services of a small army of investigators. It was decided, 
therefore, to select two lines for more intensive study. 

Detailed observations were made on two monosporidial lines of 
opposite sex, W. Va. A8 and Minn. A. The latter produced 70 dis- 
tinct mutants and the former, 162 by the fall of 1928. Since that time 
many more have appeared, but they are not recorded here. Figures 
1 and 2 represent graphically the sequence of origin of the first 162 
and 70 mutants of these two lines, respectively. 

As the largest number of mutants came from W. Va. A8, a brief 
history of this line is given. The original chlamydospore material was 
obtained from Dr. R. J. Garber, of the University of West Virginia. 
In the early spring of 1927 dilution plates were poured. On May 3 
transfers were made to three flasks of potato-dextrose agar, and nine 
sectors appeared in the three colonies. These sectors were considered 
probable mutants, despite the fact that monosporidial isolations had not 
yet been made. It is possible that they were segregates, but this seems 
improbable because no colonies resembling them had appeared in the 


4Dr. W. F. Hanna made the original sex determinations. 
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Fig. 1. Diagram showing the origin of 162 mutants from one monosporidial line of 


U. zeae, W. Va. A8. 


original plates. Furthermore, the sectors appeared near the periphery 
of colonies about 35 mm. in diameter, and it seems likely that the 
colonies would have appeared heterogeneous while still fairly young, 
had several segregates been growing together. In fact, flasks were 
inoculated at various times with two or more lines of distinctly dif- 
ferent appearance, and, altho it could be seen clearly that the colonies 
comprised several lines, these lines did not arrange themselves into 
sectors. It seems probable, therefore, that A8 was a mutant, altho it 
is not certain. The parent colony was light buff to tan in color, with 
a pinkish tinge near the center. The surface was slightly coral-like 
near the center and dull, china-like elsewhere. It was beautifully 
marked with very fine concentric lines. The sector was decidedly 
‘olivaceous, smooth except for fine concentric lines like those on the 
parent colony, and bordered with a feathery to powdery fringe. A 
transfer was made from this sector and several successive transfers 
were made subsequently. In January, 1928, a single sporidium was 
_ isolated, and the resulting line was then used for the study of mutation. 
____ The monosporidial line of W. Va. A8 began to mutate as soon as 
colonies resulting from transfers became available for study. By 
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March 8, mutants A&-1, A8-2, etc., had appeared. They were com- 
pared under uniform conditions and were decidedly different in appear- 
ance on several kinds of culture media. All of these mutants in turn 
mutated except A8-7, A8-8, A8-9, and A8-1o. By the fall of 1928 a 
total of 220 mutants had been isolated, and it was decided to discon- 
tinue selecting and culturing new ones which were appearing, as the 
process seemed to be going on ad infinitum. 


Se lea e sce SAE RGER SFiS 


Hee 


Fig. 2. Graphic representation of the origin of 70 mutants from one monosporidial line 
of U. zeae, Minn. A (designated in diagram by H). 


The 220 mutants were transferred on November 24 to agar slants 
in order to obtain cultures of the same age for inoculating flasks for 
comparison of cultural characters. On December 1, each mutant line | 
was transferred to triplicate 250 cc. Erlenmeyer flasks, each contain- 
ing 35 cc. of nutrient agar made up of potato extract, 1.8 per cent agar, 
1 per cent dextrose, 1 per cent sucrose, and I per cent Trommer’s malt 
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extract. It is realized, of course, that the composition of a medium 
made up with potato extract as a base might vary greatly when made 
up at different times, but the objection of variability would not apply 
to a single comparative test such as was made in this case. The agar 
was made up in one batch, 35 cc. poured into each flask, and all of 
the 660 flasks sterilized at the same time in a large steam-pressure 
sterilizer. 


Fig. 3. Minn. A3-1-1-2-1-1, which originated through six successive mutations, still 
producing mutants. 


At the end of four weeks notes were taken on the cultures. It 
appeared that 38 lines were duplicates, 4 triplicates, and 4 quadrupli- 
cates, leaving 162 that were decidedly distinct from the parent and 
each other, with the possible exception of one that resembled the parent 
_ somewhat and one that apparently had lost the ability to grow. Of 

the 162 distinct lines, 112 were derivatives of A8-5, showing again the 
_ differential tendency of lines to mutate. The 58 discarded lines may 

have been different in characters other than gross cultural characters, 
or they might have been distinct in appearance had they been grown 
On other culture media, so it is unsafe to conclude that they actually 
were identical with some of the other lines. However, the amount 
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of work required to settle the question seemed disproportionate to the 
probable value of the results, and the task was not undertaken. It is 
known, of course, that apparently identical mutants may arise inde- 
pendently and that there may be mutations to the parental type; conse- 
quently it would not be surprising to find almost identical lines among 
a large number of mutants. 

Minn. A also mutated very frequently. It is noteworthy that the 
first 70 mutants isolated in succession from this line were distinctly 
different from the parent and from each other. 

Some of the mutants were relatively stable in culture, while others 
were very unstable. (See Tables I, II, and III.) No mutations have 
been observed in Minn. Ag and Minn. Ato, for example, altho they 
have been grown for 21 months on many different kinds of media. It 
is not unlikely, however, that they may begin to mutate at any time. 
Minn. Ar3 had been grown in culture for more than a year and had 
been transferred at least a dozen times, without any indication of 
mutation until the winter of 1928-29, when it suddenly began to mutate 
and has continued to do so through several successive cultural gen- 
erations. 

There were similar differences in the mutability of mutant lines of 
W. Va. A8. For example, A8-1 gave rise directly to four mutants 
which in turn gave rise to 13, many of which again mutated. In one 
case 15 mutants appeared in a single colony of W. Va. A8-4-3. Of 
the 162 distinct lines, 112 were derivatives of A&-5. On the other 
hand, A8-7, A8-8, A8-9, and A8-10 have produced no mutants whatever. 


MUTANT CHARACTERS 


Mutants may differ from their parents in several respects. They 
may differ decidedly in cultural characters, including rate of growth, 
direction of growth, general appearance of the colonies, and pigmen- 
tation. There is evidence that morphological changes also may occur. 
Parent colonies may consist of sporidia, and the mutants almost en- 
tirely of mycelium or vice versa. The mutants may differ from their 
parents also in general physiologic characters, in their tendency to 
mutate, in sexual characters, and in pathogenicity. 


General Cultural Characters 


General statement.—Mutants may differ from their parents in 
one or more of the following general cultural characters: rate of growth, 
type of growth and consistency of the colony, surface characters, and — 
color. 

An idea of the differences in general cultural characters of mutants © 
can be gained from Tables IV and V, in which are listed some of the 
characteristics of mutants grown on potato-dextrose-maltose agar and | 
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on 2 per cent potato-dextrose agar plus a trace of methyl orange. It 
is perfectly clear from Tables IV and V and from Plates II, III, and 
IV that there may be very wide differences in the general appearance 
of colonies of mutants which originated from the same monosporidial 
line. Numerous comparisons similar to those listed were made with 
these same mutants and with many others. As a matter of fact, the 
principal cultural characters of the 70 mutants in the Minn. A series 
and the 162 derived from W. Va. A8 have been carefully recorded, 
but it seems scarcely worth while to give them all in detail. 

The following notes taken on colonies in triplicate flasks of potato- 
dextrose agar may give an idea of the difference in appearance of 
mutants from the same parent. 

W. Va. A8-4: Colonies 40 mm. in diameter, roughly convoluted, orange-buff 
in color; mid-size radial ridges, about 5 mm. long, extending in clockwise direction 
near the edge of the colony; delicate opaque margin, about 6 mm. wide 

W. Va. A8-4-1: Colonies 43 mm. in diameter, less convoluted than those of 
A8-4, with a tendency to form fine ridges radiating from the center and ending 
in radial ridges as above, but extending in a decidedly counter-clockwise direction ; 
margin about as in A8-4; color approximately the same as in A8-4. 

W. Va. A8-4-2: Colonies 43 mm. in diameter; surafce convoluted into low 
folds; radial ridges somewhat as in previous two lines, and extending in slightly 
clockwise direction; central area of colony grayish-buff in color, and margin 
pearl-gray. 

W. Va., A8-4-3: Colonies 50 mm. in diameter; grayish to mauve in color; 
surface coral-like; colony very thin; margin pale ivory in color. 

W. Va. A8-4-4: Colonies 40 mm. in diameter; coarsely convoluted as in 
A8-4; center orange-brown in color and remainder deep-buff orange; radial ridges 
similar to those of A8-4 but much finer and straight or very slightly clockwise. 

W. Va. A8-4-5: Colonies 40 mm. in diameter, coarsely convoluted; very coarse 
and distinct radial convolutions and deep marginal ridges; colony deep orange 
‘throughout except on the marginal ridges which are somewhat paler in color than 
the rest of the colony. 


The salient cultural characters of 8 mutant lines of W. Va. A8 are 
given in Table IV and are shown in Plate IV. The different lines had 
been grown in culture from ro to 14 months, on many kinds of media, 
and under various environmental conditions. Late in July, 1929, all 
were transferred to flasks of potato-dextrose-malt agar for temperature 
relation studies. Notes on cultural characters of duplicate flasks incu- 

bated at 26° C. were taken on September 1, 1929. The duplicate 
colonies of the same line were as nearly identical in appearance as 
could have been expected. But the appearance of those of different 
lines differed so greatly that several people, who scarcely knew the 
mean ng of the word fungus, could readily sort the lines from a random 

_ arrangement into the proper groups. 
Descriptions and uncolored photographs are quite inadequate to 
_ a clear idea of the remarkably nice differences in appearance 
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of cultures of different lines. To paint a faithful word picture of the 
colonies is virtually impossible ; and photographs do not show the some- 
times decided and sometimes slight but extraordinarily beautiful dif- 
ferences in color. In descriptions of cultural characters differences 
may appear to have been drawn too finely to be real, but the astonish- 
ing fact is that they actually are so very real and so entirely character- 
istic of certain lines of the fungus. 

It will be seen from Table IV and Plate IV that cultures of the 
lines listed differed from each other considerably in size of colony, color, 
luster, surface, and margin. In fact, so different are the cultural 
characters of different mutant lines grown under uniform conditions 
that many lines would be suspected of belonging to different species. 

Type of growth.—Some lines may produce mycelium and others 
sporidia almost exclusively. A mycelial colony may produce aerial 
sporidia, and hyphae may be present to a certain extent in sporidial 
colonies, depending on the culture medium and other conditions. In 
other cases, however, the colonies consist almost exclusively of myce- 
lium or sporidia. For example, W. Va. B was wholly mycelial whereas 
its mutant, W. Va. B5, was wholly sporidial. Sporidial colonies often 
produce mycelial mutants which usually grow more rapidly than the 
sporidial parent and can be more easily selected and propagated. As 
a matter of fact, it seems likely that the difficulty of maintaining the 
sporidial type in stock cultures is due largely to the fact that mycelial 
mutants develop abundantly, grow rapidly, and therefore are likely to 
be transferred instead of the sporidial parent. Some sporidial lines, 
however, can be propagated and maintained for a long time in culture 
if sufficient care is exercised in making transfers. Texas A, a spori- 
dial type, for example, has been kept in culture for at least four years, 
and several other lines have been maintained for more than a year, 
but they have given rise repeatedly to mycelial mutants. Both mycelial 
and sporidial lines usually give rise to mycelial mutants, but not neces- 
sarily so. As indicated, some mycelial lines have produced sporidial 
mutants also. 

In colonies of mycelial lines the hyphae may be coarsely tufted, 
finely tufted, or even silky. There appear to be all gradations in the 
size of hyphae as well as in the manner in which they are aggregated 
into mats of woolly, felty, cottony, or silky appearance and texture. 

Consistency of colonies.—As would be expected from the fact 
that there is so great a range in the type of growth, there is the greatest 
range in the texture and consistency also, as they depend to a consider- 
able extent on the type of growth. 

The consistency of colonies on agar media may be slimy, butyrous, 
viscid, brittle, powdery, membranous, or coriaceous. And sectors of 
any one of these consistencies may arise in colonies of any other type 
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of consistency. For example, the colonies of a monosporidial line o! 
Italy C were dark purple in color and felt-like or coriaceous in con. 
sistency on potato-dextrose agar. Two large sectors appeared in one 
colony, one of which was cinnamon brown with a tinge of purple ir 
color and rather brittle in consistency, while the other, a very rapic 
grower, was Jews-ear fungus-like in appearance and butyrous in con; 
sistency. On the other hand, the consistency of colonies of W. Va 
A8-3 was butyrous, but that of A8-3-1, which appeared as a large 
fan-shaped sector, was decidedly coriaceous. Again, the consistency 
of A8-4 was brittle, while that of 4 sectors ranged from membranous 
to coriaceous. 

There are all degrees of viscosity. Transfers are easily made fron 
some colonies, especially the butyrous type. Inoculum can be obtainec 
by dipping a loop of small gage wire into the colony. Some colonie: 
are so viscid, however, that it is only with great difficulty that inocu. 
lum can be obtained, even with a stiff wire. Colonies may be only 
slightly viscous while others may be doughy or even gummy in con. 
sistency. Still others may be so brittle or powdery that it is necessary 
to moisten the inoculating needle before sufficient inoculum will adhere 
to it. Some colonies are so membranous that it is necessary to cu 
out small squares to avoid lifting the entire colony with the inoculating 
needle. It was necessary to make a small, sharp-edged spatula to cu 
small pieces of inoculum out of some of the colonies that were tough 
felty, or almost leathery. Colonies also may be cottony, silky, o1 
fluffy. And all of these types can be found in mutants derived from 
one or two monosporidial lines. 

Direction of growth.—The direction of growth often is subjec 
to mutation. The mycelium of some mutants has a tendency to grov 
in a clockwise direction, that of others in a counter-clockwise direction 
and that of still others in a strictly radial direction. Mutants charac 
terized by any one of the three directions of growth may be obtainec 
from the same line, sometimes from the same colony. (See Table V.) 
The difference in direction of growth is illustrated in a series o1 
mutants which arose in triplicate flasks of W. Va. A8-4. The direc: 
tion of growth is indicated in the following summary : 


A8-4: Mid-size ridges about 5 mm. long near the margin of colony; directior 
decidedly clockwise. 

A8-4-1: Fine radial ridges extending to within about 10 mm. of edge, then ar 
area of ridges as above, but direction decidedly counter-clockwise. 

A8-4-2: Fine radial ridges; direction slightly clockwise. 

A8-4-3: No ridges. 

A8-4-4: Ridges as in A8-4, but finer and straight or very slightly clockwise 

A8-4-5: Very large ridges near margin; direction straight. 


Mutation in direction of growth is illustrated also by Italy A. Thi 
parent colonies were lavender to purple in color, and smooth excep: 
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for rather fine radial ridges extending from the center about half way 
to the margin. There was no appreciable turning of the ridges in 
either direction. Az and A2 arose as sectors. Ai was quite similar 
to the parent except that the radial ridges or folds were much larger, 
extended farther toward the margin, and turned in a decidedly clock- 
wise direction. In A2 the color was grayish buff and the whole sur- 
face was covered with coarse ridges that united to form a beautiful 
reticulum, the colony resembling the surface of a small morel. 

Microscopic examination was made of A and Ar and it was found 
that the hyphae of A grew straight, while those of Ar curled, explain- 
ing the clockwise growth of the ridges. 

Direction of growth is somewhat variable but there is a general 
tendency for it to be fairly constant under one set of conditions, altho 
not necessarily so under different conditions. The counter-clockwise 
direction of growth is illustrated in Plate III. 

Size of colonies—Mutants may grow more rapidly or more 
slowly than their parents. Many observations and tests were made 
to ascertain the difference in rapidity and extent of growth of mutants 


TABLE V 
Size, Tyre or GrowtH, DirECTION oF GROWTH, AND NUMBER OF SECTORS IN COLONIES OF 16 
Murant Derivatives From Minn. A Grown on 2 Per Cent Potato-DEXTROSE 
AGAR Pius a Trace oF Metuyt ORANGE 


Diameter of Direction of Aerial? Number of 
Mutants colony in mm. growth* Type of growth mycelium sectors 

Minn. A2-2-1 33 ec-+ Mycelial to) 6 
A2-4 31 fone do ++ 10 
A3-2 2 ec+ do 0 I 
A3-1-2 36 ec++ do Sapa 0 
A4-2-1 30 ° do o I 
A4-3-5 23 0 do ) 7 
A4-4-3 28 ee4---+ do 0 9 
A4-4-4 31 oO Sporidial ° Co) 
A4-6-1 29 ec+++ M celial ++ 2 
A5-2 38 0 Sporidial 0 tc) 
A12-1 38 ec Mycelial to) B 
A13 47 ° Sporidial ° ° 
Al4 28 ° Semi-sporidial to) 25 
At4-2 38 ) y do + 13 
Ar4 3 28 ° do to) 19 
A1l4-4-2 32 c+ — Mycelial f-+++ It 
107 


* cc = counter-clockwise growth; c = clockwise growth; + = degree of turning. 
| 7 0 =no aerial mycelium; -+ = aerial mycelium present, the amount indicated by num- 
ber of + signs; + = slight amount. 


as compared with that of their parents and other mutants. Observa- 
tions usually were made in triplicate flasks for each medium, altho some- 
times duplicates were used. The diameter of the colonies was measured 
in two directions at right angles to each other, and when the colony was 
Not circular the results were averaged. Tables V and VI give the 
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diameters, in millimeters, of colonies of several mutants and their par- 
ents on two different media. It is evident that there were considerable 
differences in the rate of growth and the size of the colonies of dif- 
ferent mutants. For example, on malt-sucrose agar the diameter of 
the parent, Minn. A, at the end of r1 days was 25 mm. while that of 
A4-6 and AII-I was 19 mm. and those of A11z, A13, and Ar4 were 49, 
45, and 33 mm., respectively. It is obvious that some mutants grow 
much more slowly than their parents while others grow far more rap- 
idly. (See Table VI.) 


TABLE VI 


Rate oF GrowTH oF Minn. A AND Some or Its Mutants As MEASURED BY THE DIAMETERS OF 
Cotonies on Two Dirrerent AGAR MEDIA 


Medium and diameters of colonies in mm.* 


Lines Potato dextrose + 0.5 per Potato dextrose + 
cent glycerine + trace I per cent malt 
of gentian violet 
IME tint se Avitonn oi cwake fotayalcestekersveraneaocereneatorencca tine 15 25 
A3-1 cme ee heave eee tenes nese 18 24 
Daa 2 fo cayeiare aa rarsiet ein mialene nieteystacons scores 10 24 
AG-3" a ote: euas. wlouste Solel dae arointel area rere 12 21 
AGRO Fics areleiei ores ssoveusreieta saviors sisvacwin'vteiels 15 19 
INE EO CRORE HA Ob GOOD OO te 18 20 
IAB 2 sori chee tauatal eaves Si ae talents Gia ate alee 18 21 
LAG iciocetagautaces chet cle trehelione ol lssehc Pate elev fereke rr 21 
ASTON iote aie ete e ale sare etsham oie ain cae vertiaye 8 22 
INGE COC ODOOO GOD TUDO COTMOOOH Cae 18 49 
LMU oe nOogde SOS CUOMO AON OOOO pe 17 19 
Ui Pree amie gecenicic cubic centre lool enoty In 21 Ps 
ANGLES a vereroteleetshete feteianetstetetensyersassaaerehsl ce 56 45 
LAs aes, ovaye rete letous ia ereisretetase ais are belrate acces as 33 


* The potato-dextrose agar was 4 per cent Difco; diameter ‘of colonies listed in first 
column is the average of 2 colonies, 33 days old, and in the second column of 3 colonies, 11 
days old. 


There were remarkably consistent differences in the size of the 
colonies of a series of mutants from W. Va. A8-4, grown for purposes 
of comparison on potato-dextrose agar, potato-dextrose agar plus one- 
half strength Shive’s solution, and litmus-lactose agar. The parent 
produced colonies with diameters of 45, 45, and 55 mm. on potato-dex- 
trose agar, Shive’s agar, and litmus-lactose agar, respectively, whereas 
A8-4-4 produced colonies with diameters of 50, 50, and 60 mm., re- 
spectively. In this particular case the diameter of the colonies of the 
mutant was 5 mm. greater than that of the parent on all three media. 
In other cases in this series the size of the colonies of certain mutants 
was approximately the same as that of the parent. These differences 
in rate of growth sometimes are observable only on certain media. 
For example, 13 mutants arose from W. Va. A8-5-1. One of these, 
W. Va. A8-5-1-5, produced two large mutants which looked almost 
identical, and were labeled A and B tentatively until it could be ascer- 
tained whether they actually were identical. Both were transferred 
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on the same day to two flasks each of potato-dextrose agar, potato- 
dextrose plus half-strength Shive’s solution agar, and litmus-lactose 
agar. On potato-dextrose agar the two were so nearly alike that they 
might easily have been considered identical. On litmus-lactose agar 
they were fairly distinct in appearance but not in size. On the Shive’s 
solution agar, however, the colonies were quite distinct, both in general 
appearance and in size. The colonies of A were 40 mm. in diameter, 
whereas those of B were 50 mm. This shows that it is necessary to 
consider the media on which the cultures are grown in determining 
rate of growth and size of colonies. A mutant may grow much more 
rapidly than its parent or other mutants on one medium, but the result 
may be the exact opposite on another. 


Fig. 4. Differences in the diameters of colonies of 23 mutants and their parent, Minn, A 
(designated in diagram by H), when grown on potato-dextrose-sucrose-malt agar. 


The most extensive series of measurements were made on deriva- 
tives of W. Va. A8. It will be recalled that 220 mutants were obtained 
from a monosporidial culture of this line. Of these, 162 were distinct. 
When final observations were made on the 22¢ lines, the diameters of 
the colonies were measured. There were three flasks of each line, but 
only the average is given in Table VII. In most cases there was very 
little difference in the size of the three colonies of the same line, 
usually not more than 3 or 4 mm., altho in some cases there was greater 
variation. In general there was so little variability within the lines 
that the results seemed indicative of the genotypic tendency of the 
different lines to produce colonies of a certain size. The class inter- 
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vals, as will be seen from Table VII, are 8 mm. This seems suffi- 
ciently large because the fact had been determined by repeated obser- 
vations that colonies of the same line seldom vary so much under 
uniform conditions. 


TABLE VII 
Size Crasses oF CoLontes oF 180 Mutants Derivep From W. Va, A8, GROWN ON THE SAME 
MEDIUM AND UNDER SAME CONDITIONS IN TRIPLICATE ERLENMEYER 
Friasks or UNIFORM SIZE 


Number and percentage in classes 


Class intervals in mm. 


No. Per cent 
Ora 7 is site erst a noo ottlore Tove ete die) conietelah ay steactete 23 13 
BBR AB ec deealslete asi atisyerekoler seerolepeioteunvatalete aie gs 82 45 
ORES) wile ci sapvibia. 0: = ptalale sales opie leat: Colacerelp 61 34 
ATOM etavayeva tataie leiden urainyeatete) sfaheu nl Sratvalia waters! 14 8 
PONALS vale ray ataig atc oo ocemde ie etels fers hea 180 


* Parent falls into this class. 


Measurements are available for 180 of the lines. The line pro- 
ducing the smallest colonies was A8-5-12. These measured 28, 31, 
and 30 mm., respectively, an average of about 30 mm. That produc- 
ing the largest was A8-5-1-2a-3, with colonies 61, 58, and 61 mm., an 
average of 60. The extreme range in size between the colonies of 
different mutants was 30 mm., the largest being twice the size of the 
smallest. 

One usually thinks of mutants as having lost certain factors. How- 
ever, some of this series have acquired growth factors or have lost 
factors that inhibit growth. This is evident when one considers that 
of the 180 lines compared, 82 produced colonies of the same size class 
as those of the parent, 23 produced smaller colonies, and 75 produced 
colonies larger than those of the parent, or 45, 13, and 42 per cent, 
respectively. It is possible that this does not represent exactly the 
true state of affairs. The more rapidly growing sectors are most con- 
spicuous in a colony, and possibly a larger proportion of them were 
selected than of the smaller ones. Furthermore, in some lines of 
smut there is a tendency for the production of very small patch mu- 
tants, many of which probably never are isolated. Altho an attempt 
was made to select all that developed, regardless of size, it is likely 
that many mutant primordia are formed, but never become large 
enough to be observed clearly. 

Many mutants derived from Minn. A and from W. Va. A8 have 


been grown repeatedly in different liquid media. There were decided 


differences in rate and amount of growth, as indicated by the mats | 


sometimes formed on the surface, by the amount of flocculent material — 


in the medium, and by the amount of sediment on the bottom of the 


flask. The differences in the character and amount of growth in the 
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various flasks were quite as sharp and great as similar differences in 
the growth of many species of bacteria in liquid media. 

Elevation of colonies——Not only are mutants characterized, to 
some extent, by the amount of radial growth of colonies, but also by 
their elevation. Colonies may be effuse, flat, raised, convex, pulvinate, 
capitate, umbonate, umbilicate, or combinations of several. There are 
types also that scarcely fall into any class. Thus in W. Va. A8-5-2-1 
there is a tendency for part of the colony to separate from the remain- 
der along a horizontal plane and to assume a somewhat irregular 
cupulate form, especially at low temperatures. This habit is peculiar 
to this particular line. The effuse and umbilicate types probably are 
the rarest, altho effuse colonies are common on poor media. It can 
be seen from Table IV that there are several types of elevation, even 
in a more or less random sample such as the lines listed in the table 
comprise. 

Sometimes a particular type of elevation is so peculiar to colonies of 
a certain line that it alone almost suffices for identification. W. Va. 
A8-5-4 can be distinguished from many similar lines by the broadly 
umbonate character of its colonies, in which there is a broad, thick, cen- 
tral mound, often 25 mm. in diameter, surrounded by a flat zone of 
different color. (See Plate IV.) 

Color of colonies——There may be a wide range of color muta- 
tions in a monosporidial line. Albino mutants arise frequently in 
colonies of various colors; the color of mutants often but no’ always 
is lighter than that of the parents. There may be an intensification of 
color, or even a complete change, as well as a loss. (See Plate I.) 
Plate I, B shows one pure white sector, two dark ones with whi’e mar- 
gins, and several that are as dark as, or darker than, the parent. In 
Plate I, A are shown several sectors that are much darker than the 
parent. 

Sectors or patches of several different colors often appear in dupli- 
cate colonies or even in a single one. In fact, almost any combination 
may occur. For instance, there appeared in duplicate pinkish colonies 
of W. Va. A8-4 sectors with the following colors: white, ivory, yellow, 
olivaceous, and black. In one pinkish colony of W. Va. A8-5 grow- 
ing on potato-detrose plus Shive’s solution agar there were 6 sectors 
colored as follows: white, cream-colored with a tinge of pink, grayish 
purple, olive, London smoke, and black. Minn, At4 was wood-brown 
and gave rise to sectors with the following colors: white, fawn, auburn, 
and pale vinaceous drab, the latter subsequently producing one of army- 
brown color. 

The following colors were recorded for Minn. A and 6 of its 
mutants: Minn. A, pallid mouse gray ; Minn. Aq, seal brown; Minn. A2, 

; vinaceous buff ; Minn. A3-1-1-1, ecru drab; Minn. Ato, blackish brown; 
q 
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Minn. Att-1-2, white; Minn. Aii-2, straw yellow. The following 
range of colors appeared among the 162 mutants from W. Va. A8; 
white, ivory, pearl gray, light buff, tan, light orange, deep orange, 
orange brown, and purple brown. 

Color is not always uniform throughout a colony—there may be 
two or more color zones. This is well illustrated by W. Va. A8-5-7-1. 
(See Table IV and Plate IV.) The color may be masked somewhat 
by the production of aerial conidia that may give the surface a powdery 
or chalky appearance that may be so pronounced as almost to obscure 
the color underneath. 

The color of colonies is, of course, subject to great variation under 
different environmental conditions. A culture, for example, may be 
cream-colored on one medium and almost black on another. Under 
similar conditions, however, color is fairly constant and quite charac- 
teristic of the mutant lines. This is well illustrated by the following 
observation. On September 10, 1928, one of the writers noted that 
colonies of W. Va. A8-5-4 were much darker orange brown on potato- 
dextrose agar than those of W. Va. A8-5-1. Soon thereafter the 
cultures of this series were given to another person for experiments 
on physiologic characters. The writer saw them again, quite by chance, 
on September 1, 1929, and again noticed the decidedly deeper color of 
A8-5-4. Upon looking at his original notes to see how the colors had 
been recorded a year previously, he found that they coincided almost 
exactly with his new observations, altho the cultures were on a slightly 
different. medium. 

The luster of colonies of different mutant lines may differ con- 
siderably, partly depending upon whether the colonies are sporidial or 
mycelial. Sporidial colonies may be either glistening or dull, while 
mycelial colonies naturally are dull, powdery, or cretaceous. Aerial 
conidia may be produced in either case. The result is likely to be a 
powdery appearance, thus modifying the color of the colony. 

Surface characters of colonies.—lIt is clear from Plates II, III, 
and IV that the surface characters of colonies of different mutants 
may differ greatly. In the case of the mycelial type of growth the 
surface may be waxy, pubescent, cottony, felty, or finely or coarsely 
tufted. It may be smooth, or contoured, rugose, verrucose, bullate, 
or reticulate. In contoured colonies there again is considerable varia- 
tion. In rugose colonies the folds may extend principally in one 
direction or in several. They may be simple or branched and anas- 
tamosing, giving all sorts of appearances from fine to coarse coral-like, 
sponge-like, or morel-like—some of which are very beautiful. Again, 
the size of the folds may vary. They may be large, small, or inter- 
mediate, and may be wide or narrow, and ridge-like rather than fold- 
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like. There also are all degrees of fineness and coarseness of the 
verrucose condition in colonies with this type of topography. 

The marginal characters of colonies vary greatly with the different 
lines. In some cases the margin is entire, in others undulate, lobate, 
erose, lacerate, fimbriate, or floccose. Very often there is a distinct 
marginal zone in which the consistency, surface characters, luster, 
and color are quite different from those of the body of the colony. 
There may be a white border on deeply colored colonies, or it may be 
darker in color than that of the remainder of the colony. Sometimes 
there is a border of fine, silky hairs, ranging in width from two or 
three millimeters to a centimeter or more. Again, the border may be 
characterized by the presence of radial ridges or furrows of various 
shapes and sizes, whereas the remainder of the colony may have a 
quite different topography. 

The surface of colonies may be uniform throughout or character- 
istically zoned. The zones may differ in topography or color, or both. 
(See Plate IV.) As all 8 lines shown in Plate IV are mutant deriva- 
tives of W. Va. A8, it is evident that the factors for zonation are 
subject to mutation. W. Va. A8-5-7-1 has several distinct color zones, 
but the topography is uniform throughout the colony, while in A8-5-4 
the two zones differ in both color and topography. The same is true 
of A8-3-1, A8-5-5, and A8-5-3-2-5. It is interesting to notice that 
A8-5-4 and A8-5-5 appeared as sectors in the same colony of A8-5. 
Both have radial ridges in the marginal band, altho there are differences 
in their characters, but the color of the band in A8-5-5 is only slightly 
lighter than that of the remainder of the colony, while in A8-5-4 it 
is always much lighter, often becoming pure white. 


Physiologic Characters 


General statement— Mutations often, perhaps almost always, 
involve some change in physiologic characters that are not so obvious 
as changes in general cultural characters. It was observed a number 
of times in studying the influence of media on frequency of mutation 
that certain lines of U. geae changed the color of litmus media more 
than others, and there seemed to be some differences in ability to absorb 
dyes. On media containing litmus it sometimes was possible to pick 
out certain mutants readily by the color change produced by them, 
indicating that they were producing a reaction different than their 
parents. 

Some preliminary experiments were made in order to determine 
differences in alkali production. Seven mutant lines were grown on 
slightly acid potato-dextrose agar to which was added a trace of brom- 
cresol-purple indicator. The production of alkali is indicated by a 
change in the color of the medium from yellowish to deep purple. 
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The results are summarized in Table VIII. It is evident that Minn. 
A3-1-2 produced alkali more rapidly and in larger amounts than A4-4-5 
and Ar-1. The differences were very striking during the first week or 
two of growth, but at the end of three weeks all of the mutants had 
produced a deep purple color. There was no obvious relation between 
the rate of growth and the rate of alkali production. For example, 


Fig. 5. Two mutants grown on potato-dextrose agar + brom cresol purple, showing 
differences in alkali production as indicated by intensity of color: Left, Minn. A1-1; Right, 
Minn. A3-1-2. 


A3-1-2 grew slowly, but produced alkali rapidly, while A1-1 grew 
rapidly, but produced alkali slowly. The tests were repeated on potato- 
dext-ose agar plus 14 per cent litmus solution, with similar results. 
(Seethig.5) 


TABLE VIII 
Rate or GrowtH AND ALKALI PRopucTION oF Minn. A anp E1cHt Mutants As MEASURED BY 
DIAMETER OF THE COLONIES AND THE COLOR REACTION ON PoTaTo-DEXTROSE 
AGAR Pius a Trace or Brom-cresoL PuRPLE 


Diameter 
Degree of alkali production* of colony in mm. 

Lines ‘14 days 18 days 22 days 18 days 
Minn. A + + cee tente 41 
Al aE Sioa Staats 45 
AI-r oT ot +++ 42 
A3 Oo) of ot 38 
A3-1-2 apgeceu Steaipals aParae 36 
A4 0 a aot ate 36 
A4-4-5 ° of Shae se 28 
Ato 3 ataate ++ = 38 
A3-1-1-2-1-1-1-3 ae abate ape 39 


*o =none; + = alkali production, the degree being shown by number of signs; + = 
slight. ; 

7+ Purple under colony; no diffusion. 

} Entire medium deep purple. 
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There also were marked differences in the ability of different lines 
to absorb indicators or dyes. For example, Minn. A4-4-5 absorbed 
brom-cresol purple, while A3-1-1-2-1-1-1-2 remained relatively free 
from it. There were similar differences in the absorption of color on 
media containing methyl red, methyl orange, gentian violet, and litmus. 

Growth on standard bacteriologic media.—Because of these pre- 
liminary indications of physiologic differences between different mutant 
lines, it was decided to make a more intensive study of a few lines. 
The following, all derivatives from W. Va. A8, were selected: A8-1-1, 
A8-5-2-1, A8-5-3-2-5, A8-5-4, A8-3-1, A8-5-3-3-2, A8-5-5, A8-5-1-3-3, 
A8-5-1-2, A8-5-1, A8-5-1-6, and A8-5-7-1. First they were grown on 
standard bacteriological media to find out whether there were decided 
differences in behavior. The media were prepared according to the 
methods recommended by the Society of American Bacteriologists 
(16). The reaction of all media except milk was adjusted to pH 7 
with NaOH, using brom-thymol blue as indicator. 

All 12 lines grew slowly on solid media containing beef extract and 
peptone, attaining a diameter of only 3 to 6 mm. in two weeks. In 
virtually all cases the outline of the colony on beef extract media was 
irregular, the color white or creamy, and the surface either powdery 
or wet shiny. 

In peptone broth and peptone alone there was considerable variety 
in the type of growth produced by the different mutants. All except 
one produced at least some surface growth, but there were consider- 
able differences in the amount. This surface growth usually was present 
in the form of small particles of various sizes floating on the surface, 
rather than as a complete pellicle or ring. The surface growth of 
some mutants was moist on top while that of others was dry and 
powdery. In some cases the medium was turbid because of the pres- 
ence of very fine aggregations of mycelium or sporidia; in others it 
was clear except for small flocculae. Usually there was some sediment, 
the amount varying with the different mutants. W. Va. A8-5-3-1-2 
was unique in the fact that it produced no surface growth, and the 
liquid was perfectly clear except for the presence of abundant fluffy 
masses at the bottom of the tube. 

A positive test for indol could not be obtained when the organism 
was grown on peptone. Neither was the odor of the broth nor of the 
peptone changed. 

According to Levine and Carpenter (38), bacteria can be divided 
into three classes by their effect on gelatin: (1) those that do not 
hydrolyze; (2) those that partially hydrolyze and liquefy gelatin, with 
Subsequent decomposition slow, if any; (3) those that completely 
hydrolyze and liquefy gelatin, with subsequent rapid decomposition. 


¥ 
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Decomposition of the gelatin was based on formol titration of amino 
groups. 

Ustilago geae falls into the third class because all of the mutants 
studied reduced gelatin to a fluid of relatively low viscosity. There 
were, however, significant differences in the rates at which different 
lines caused liquefaction. [Except in the case of two lines, liquefac- 
tion was complete a definite distance from the top, and the boundary 
between liquid and solid was very distinct for these lines. In Table 
IX are summarized the data for 12 lines grown for 12 days in tripli- 
cate flasks at 18°C. It is apparent by comparing the data in Table IX 
with those in Table XIV that, altho some mutant lines grew well at 
18°C., they did not liquefy gelatin rapidly at that temperature. Evi- 
dently, therefore, temperature is not the limiting factor, but the dif- 
ferences in liquefaction are due to the differential ability of the smut 
lines to grow on gelatin and to produce gelatin-liquefying enzymes. 


TABLE IX 


Tyre oF GrowtH AND Amount oF LigUEFACTION PropucEp sy Mutant Lines or W. Va. A8 
Grown FoR Twetve Days on GELATIN AT 18°C. 


Depth of lique- c 
Mutants faction in mm. Description of growth 


A8-1-1 14-15 Medium growth on surface and at boundary between liquid 
and solid 


A8-5-2-1 10 Medium growth on surface and at boundary between liquid 
and solid 

A8-5-3-2-5 12-15 Abundant growth at surface and at liquid-solid boundary; 
tendency for mycelium to float in medium 

A8-5-4 Very little Surface growth slight 

A8-3-1 II Abundant surface growth; moderate growth at liquid-solid 
boundary 

A8-5-3-3-2 Very little Slight surface growth 

A8-5-5 15 Moderate growth at surface and at liquid-solid boundary 

A8-5-1-3-3 20 Liquefaction complete about 10 mm. deep and then a crater- 


shaped hole, 10 mm. deep 


A8-5-3-1-2 38-40 Liquefaction nearly complete except for a little at the bottom 
and an irregular shaped piece 15 mm, long along one side. 


A8-5-1 25 Growth moderate at surface and at liquid-solid boundary; 
boundary even except in one case where the submerged 
inoculum near the boundary started to grow 


A8-5-1-6 15 Abundant growth on surface; medium growth at liquid-solid 
boundary 
A8-5-7-1 15 Medium growth on surface and at liquid-solid boundary 


Skim milk was first slightly coagulated by the cultures, probably 
by chymase, as there was no apparent change in acidity. The casein 
was digested later, leaving the milk translucent and light yellow in 
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color. There was some surface growth in the case of all lines, but 
the amounts differed. Usually there was a ring pellicle at first, which 
later extended and covered the entire surface. 

Digestion of casein——It was observed in the foregoing experi- 
ments that different mutant lines digested casein at different rates. In 
order better to study these differences, milk was incorporated into a 
solid medium prepared as follows: 25 cc. distilled water plus 2% per 
cent agar poured into 250 cc. Erlenmeyer flasks and sterilized under 
15 pounds of steam pressure. While the agar was still hot, 15 cc. of 
milk was added to each flask, using aseptic technique. In order to 
avoid caramelizing the milk sugar and precipitating the albumins, the 
flasks were heated in an Arnold sterilizer for 20 minutes, after which 
they were taken out and allowed to cool. The resulting medium was 
pure white and homogeneous. The flasks were then inoculated in 
triplicate or quadruplicate with each mutant line. As early as one 
day after inoculation a yellowish translucent area began to appear 
around the colonies. This area approximated a definite circle in form 
and was of fairly definite size for each mutant line. Apparently the 
enzyme produced by the fungus diffused through the gel and evidently 
was produced in different amounts by different lines. The size of the 
colonies and of the digested areas are given in Table X. Results 
seemed to indicate rather clearly that there are decided differences in 
the ability of the different lines to digest the casein in the milk. 


TABLE XI 


Ratios oF THE AREA OF MiLk AGAR DiGEstepD By Mutants or W. Va. A8 TO THE AREA OF 
tHE Cotony, Nine Days AFrrerR INOCULATION 


Clear area Clear area 

Mutants Colony area Mutants Colony area 
Experiment 1 Experiment 2 Experiment 1 Experiment 2 

A8-1-1 7253 6.00 A8-5-5 4.44 4.24 
A8-5-2-1 1.47 1.40 A8-5-1-3-3 5.26 4.49 
A8-5-3-2-5 4.28 4.56 A8-5-3-1-2 8.95 10.02 
A8-5-4 3 36 3.78 A8-5-1 5.54 5.04 
A8-3-1 4.65 3.68 A8-5-1-6 6.52 6.28 
A8-5-3-3-2 3.81 2.08 A8-5-7-1 6.93 4.64 


This apparently is due to differential ability to produce proteolytic 
enzymes, as there was no correlation between the size of the colony 
and the surrounding area in which the casein was digested. (See 
Table XI and Plate V.) Amino acid determinations were made by 
the Vanslyke method and indicated that the protein actually was. 
digested, but the comparative results obtained by the method were so 
variable that it seems possible that the digestion was not carried to the — 
same stage by all lines. 

Similar differences in the ability of certain fungi to produce en- 


~ 
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zymes have been noted by Currie and Thom (17), who showed that 
the ability of different strains of Penicillium to produce oxalic acid 
differed considerably. Oshima and Church (40) found that strains 
of Aspergillus of the flavus-oryzae group differed considerably in the 
amount of protease and amylase which they were able to produce, and 
Letcher and Willaman (37) showed that physiologic forms of Fusa- 
rium lint differed with respect to alcohol production. 

Effect on sugars.—No gas was formed nor were there any ap- 
parent changes in pH when the cultures were grown on various pure 
carbohydrates as the only source of carbon. A liquid medium was 
used containing KH,PO,, KCl, MgSO,, plus the particular carbo- 
hydrate to be tried, as recommended by the Society of American Bac- 
teriolozists (16) for use in detecting small changes in pH. The fol- 
lowing carbohydrates were used: |-xylose, d-mannitol, d-levulose, and 
maltose. The medium was sterilized in the Arnold sterilizer in order 
to avoid changes in the sugars. Brom-thymol blue was used as 
indicator. 

All 12 mutants grew well on each of the 4 carbohydrates, altho 
they grew slightly better on maltose than on any of the other 3. There 
was no visible change in the color of the indicator; neither did gas 
collect in the gas traps placed in the tubes. 

Reduction of nitrates and iodine.—The ability to reduce nitrates 
to nitrites is characteristic of many bacteria and is used as one of the 
criteria of identification. In preliminary experiments with U. zeae 
grown on solid media containing KNO,, it was found that if iodine 
was added to the medium several days after inoculation it was either 
absorbed or reduced near the mycelial mat, and no longer gave a blue 
color with starch. It was thought that this might be due to the reaction 
of the iodine with the nitrites formed in the medium. The following 
experiment was therefore made. Each of the 12 lines listed in Table 
XII was grown on 8 flasks of solid medium, 6 of which contained 
agar, starch, sucrose, MgSO,, K ee and KNO,. In the other 2 
the KNO, was omitted. 

Five days after inoculation the flasks containing the KNO, gave a 
strong test for nitrites with sulphanilic acid and alpha-naphthylamine. 
Ten days after inoculation, 2 cc. of a saturated solution of iodine in 
50 per cent alcohol was added to 2 flasks of each line growing on the 
medium containing KNO.,, as well as to those which contained none. 
Colorless circular areas, of different size for each line, appeared on 
the KNO, media. When more iodine was added, the typical blue 
color reappeared, indicating that the iodine and not the starch was 
affected. The iodine was reduced slightly and slowly in the medium 
containing no nitrate. Thirteen days after inoculation iodine was 
Bees to the remaining 2 flasks of each line containing the nitrite. 
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Several lines, one in particular, caused vigorous reduction of the iodine, 
while others reacted very slightly. The result is hard to account for, 
but it is possible that some of the lines used up large amounts of nitrate 
for further growth. Comparative data are given in Table XII, and 
the appearance is shown in Plate VI. The results seemed to indicate 
that much of the reduction of iodine was due to nitrites produced by 
the fungus through the reduction of nitrates. Apparently another 
substance that causes the disappearance of the iodine-starch color is 
produced in small amounts, as indicated by the slow clearing of media 
containing no nitrates. 


TABLE XII 


DIFFERENCES IN PrRopucTion or IopInE-RepucING SuBSTANCES BY Mutants oF W, Va. A8, 
As Merasurep uy DIAMETER OF COLONY AND OF THE CLEAR AREA 


Medium, treatment, and diameters of colonies in mm. 


Iodine added 13 days 


Iodine added 10 days after inoculation AttareineCdlationd 
hws Base KNOgzg in medium No KNOgz in medium KNOs in medium 
Diameter in mm. Diameter in mm. Diameter in mm. 

Colony Clear area Colony Clear area * Crlonv C’ea~ area 
A8-1-1 r 10 19 7 10 12 21 
2 9 19 7 10 14 26 
A8-5-2-1 I 14 15 Io + 12 to) 
2 10 It 10 + 12 fo) 
A8-5-3-2-5 I 14 18 16 + 19 to) 
2 13 17 16 + 19 Co) 
A8-5-4 I 13 20 14 2 19 19 
2 13 18 13 II 19 19 
A8-3-1 I 16 34 17 14 23 65 
2 14 27 15 13 24 72 
A8-5-3-3-2 I 12 16 13 13 17 20 
2 13 18 14 14 18 oI 
A8-5-5 I 18 22 17, ++ 24 26 
2 17 21 18 + 25 27 
A8-5-1-3-3 I 15 15 18 + 25 to) 
2 15 15 18 + 27 to) 
A8-5-3-1-2 I 12 15 Il ais 15 15 
2 12 13 m3 + 16 16 
A8-5-1 I 13 14 16 +--+ 20 20 
2 on ate 15 ++ 20 20 
A8-5-1-6 I 8 16 V 7 10 14 
2 7 15 8 8 9 I2 
A8-5-7-1 I 15 15 19 — 19 19 
2 14 14 19 — 18 18 


* 1 = clear area barley discernible; +-+ = stronger than + but still too small to meas- 
ure; — = no action. 


Fellenberg and Geilinger (21) state that Aspergillus niger is able 
to take up elemental iodine, but they attributed the action to a binding 
of the iodine by the proteins in the fungus. It is apparent, however, 
that the iodine-reducing substance produced by U. zeae is able to diffuse 
away from the culture through the agar gel. a 

The blue color gradually disappeared from uninoculated control flasks — 
about 10 or 12 days after the iodine was added. It was thought that 
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this might be due to the fact that sucrose had become inverted when 
sterilized in the presence of K,HPO,. The action in this case, how- 
ever, is too slow to compare with the above described phenomenon, 
which appeared within a few hours. Furthermore, the iodine would 
not disappear in a circular area under such circumstances. 

It is significant that the rate of action of the different lines on 
iodine differs greatly. W.Va. A8-3-1 was outstanding in that it cleared 
the iodine much more rapidly than did the other lines and also left 
the medium with a reddish tinge after the iodine-starch color had disap- 
peared. This condition was not observed in cultures of any other 
lines. While the results of these experiments cannot be explained 
fully, they do indicate clearly that there are quantitative physiologic 
differences between mutants of U. zeae. 

Temperature relations.—It is known that physiologic forms of 
several fungi may have different temperature requirements. This has 
been shown by Edgerton (20) for forms of Glomerella cingulata; 
by Hursh (27) for forms of Puccinia graminis tritict; by Rodenhiser 
(42) for forms of Ustilago nuda, U. tritici, and U. hordei; and by 
Harter and Weimer (25) for strains of Rhizopus nigricans. Johnson 
(28) also reported that one form of Helminthosporium gramineum 
grew much better at low temperature than did another form of this 
species. 

TABLE XIII 


Errect or TEMPERATURE ON THE RATE or GrowTH OF Mutants or W. Va. A8, As MEAsuRED 
BY THE AVERAGE DIAMETERS OF DupLIcaTE CoLonrIES GROWN FOR 
16 Days on Potato-DExtTROSE-MaLtt AGAR* 


Temperature, and diameters of colonies in mm.7 


Mutants ROO. tO. Cy 265.6. 34°C 
A8-1-1 4 19 13 16 
A8-5-2-1 22 28 29 2 
A8-5-3-2-5 7 21 25 24 
A8-5-4 5 21 257 6 
A8-3 1 8 aa 2 It 
A8-5-3-3-2 10 24 35 19 
A8-5-5 7 22 33 18 
A8-5-1-3-3 10 ’ 25 = 31 28 
A8-5-3-1-2 10 23 2 12 
A8-5-1 6 23 29 15 
A8-5-1-6 5 ms 17 22 
A8-5-7-1 6 19 33 18 


* All flasks kept for 48 hours at room temperature, after which they were kept for two 
weeks at the various temperatures. 
; 7 Fractions counted as nearest whcle number. 

£ Only one colony measured. 


There were outs‘anding differences in the temperature requirements 
of the mutant lines of U. zeae listed in Table XIII. These lines were 
grown on potato-dextrose agar containing potato extract, I per cent 
‘dextrose, 1 per cent sucrose, and 1 per cent by weight of Trommer’s 
‘Malt syrup. Duplicate Erlenmeyer flasks, each containing 32 cc. of 
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this medium, were inoculated with each line, and kept at room tem- 
perature for 48 hours, after which they were placed at 10°, 18°, 26°, 
and 34°C., respectively. At the end of 14 days at these temperatures 
the diameters of the colonies were measured in two directions at right 
angles to each other, and the results averaged. This was particularly 
necessary in this case because of the fact that at some temperatures 
the outlines of colonies are irregular rather than circular. The results 
are given in Table XIII. 


A 
& 
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Fig. 6. Chart showing rate of growth as indicated by diameter of colonies of four , 
mutants derived from U. zeae W. Va. A8, grown, for 14 days at different temperatures. 


It will be seen from Table XIII that W. Va. A8-5-2-1 grows well 
at a wide range of temperature, whereas A8-3-1 and A8-5-4 grew only 
very slowly at the extremes. A8-5-1-6 appears to have a higher opti- | 
mum than any of the others. Not only was the size of colonies greatly 
influenced by temperature, but there were decided differences in the 
topography. There was a decided tendency for colonies of A8-5-2-1 © 
and A8-3-1 to curl up away from the medium at the lower tempera- 
tures. At high temperatures, on the other hand, cultures of these lines 
were very closely appressed to the agar, and even cracked it in some 
cases and then grew into the cracks. (See Fig. 6.) 
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The results confirm the large number of miscellaneous observations 
to the effect that temperature profoundly affects the rate of growth, 
the final size and appearance of colonies, and that this effect varies 
with different mutant lines of U. zeae. 

These experiments also furnish additional evidence that mutant 
lines of U. zeae differ in physiologic characters, some of the most 
outstanding of which are: ability to liquefy gelatin, digest casein, reduce 
nitrates and iodine; and in temperature relations. 


Morphology of Sporidia 


It already has been pointed out that there may be mutations ir type 
of growth. Lines characterized by the mycelial type of growth may 
produce mutants which are predominantly sporidial and vice versa. 
As pointed out previously, there are all gradations between mycelial 
and sporidial types. It was noted also that the sporidia of some 
mutants differed decidedly from those of their parents and other 
mutants in shape and size, when grown under the same conditions. 
For example, Texas A is easily distinguished from Minn. A by its 
larger, blunt-ended sporidia. It seemed likely that there might be 
consistent differences in the morphology of sporidia of different mu- 
tants from the same parent. Therefore the question was investigated. 


TABLE XIV 
Size, SHape, anp Coror oF Sporip1a or Minn. A AnD THREE oF Its Mutant Dertya- 
TIVES GROWN IN A SoLuTION or 1 PER Cent GELATIN AND 2 PER 
Cent Dextrose For 14 Days 


Lines Pes Character of surface growth and of sporidia 

Minn. A 13.0 Sporidia regular, hyaline, usually fusiform; growth on me- 
dium, tan colored 

Minn, A-3-1-2 9.7 Similar to the above, but sporidia usually more blunt; a 
distinctly white growth on the medium 

Minn. A-4-4-5 Lay Sporidia of two types, regular or irregular, frequently dumb- 
bell in shape; growth slightly lighter in color than that of 
parent 

Minn. Ar3 15.1 Sporidia mostly irregular, of various shapes, often simulating 


chlamydospores; growth on the medium dark 


Three mutants, Minn. A3-1-2, Minn. A4-4-5, and Minn. A13, and 
the parent, 16 Minn. A, were grown in a liquid medium consisting of 
I per cent gelatin and 2 per cent dextrose in distilled water. The 
sporidia were examined after the cultures had grown for two weeks. 
The usual precautions were taken to select a random sample of sporidia 
for measurement, all of those encountered in passing from one end of 
the mount to the other being measured. It was considered that 98 
spores would constitute a fair random sample of the populations studied. 
The results are summarized in Table XIV. 

_ It seems evident from Table XIV that the sporidia of some of the 
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mutants of Minn. A differ from those of the parent and from those 
of other mutants. Those of Minn. A3-1-2 appeared to be shorter than 
those of the parent, while those of Minn. Ar3 appeared longer. The 
most conspicuous difference in morphology was the production of dumb- 
bell-shaped sporidia of Minn. A4-4-5. Minn. A13 produced sporidia 
which could easily be distinguished from those of the other lines be- 
cause they were darker in color and frequently resembled immature 
chlamydospores. This experiment was repeated two months later under 
conditions similar to those of the first test. The results with respect 
to shape of sporidia corresponded closely with those obtained in the 
first experiment. 

It is difficult to make experiments on morphology of sporidia under 
conditions that are rigidly enough controlled to justify drawing final 
conclusions. This is owing to the fact that many lines mutate so fre- 
quently that very careful precautions must be taken to exclude mutants 
from the cultures that are to be studied. This is especially true when 
the cultures are grown in liquid media, in which mutation cannot be 
observed directly. Nevertheless, the authors are convinced that con- 
sistent differences in the morphology of the sporidia come about as a 
result of mutation. Thus, sporidia of some of the mutants from W. Va. 
A8 were narrowly fusiform, others cylindrical, and others ovoid. The 
color, also, differed greatly under certain conditions. Sporidia of some 
lines were distinctly hyaline, others somewhat olivaceous, and_ still 
others almost fuliginous. As a matter of fact, one would scarcely 
recognize the sporidia of some mutants as those of U. seae. 


Pathogenicity and Sex 


Sex and pathogenicity are to a considerable extent interdependent 
in U. zeae, as normal infection of the corn plant usually results from 
the growth of the dikaryophase in the corn tissues. According to 
Hanna (24), the haploid hyphae from germinating sporidia can pene- 
trate the tissues; but ordinarily smut galls and chlamydospores are not 
formed unless two hyphae of opposite sex fuse and give rise to a’ 
binucleate mycelium (24,44). Apparently most monosporidial lines, 
alone, cannot cause the disease, altho it will be shown in Part II] 
of this bulletin that a few can. These monosporidial lines are the 
only entities that can be propagated independently and the only ones: 
in which mutations in sex and pathogenicity can be studied. But so 
far it has been necessary to study both by observing the behavior of 
a line in combination with others. The study of the pathogenic char- 
acters of mutants would be simpler, therefore, if the pathogene were 
not predominantly heterothallic. 

The problem is complicated further because there are more than 
two sexual groups, with varying degrees of sexual compatibility, that 
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is, multiple factors for sex; consequently it is difficult to know to what 
extent pathogenicity is merely a function of sex factors and to what 
extent a function of the physicochemical attributes of the haploid 
lines that unite to produce the pathogenic phase of the fungus. Gall 
formation is closely associated with chlamydospore production, and 
degrees of pathogenicity conceivably may depend largely on the com- 
plement of sex factors carried by the dikaryons and diplonts. On the 
other hand, haploid lines do differ in physiclogic characters, and it 
seems probable that they may have varying degrees of virulence also. 
In addition, some lines mate perfectly well and produce normal chlamy- 
dospores without, at the same time, producing galls as large as those 
produced by other combinations of lines, thus furnishing evidence that 
pathogenicity is not solely a function of sex compatibility. 

Whatever the ultimate factors for virulence may be, the degree of 
pathogenicity depends to a considerable extent on sex; hence changes 
in sex are accompanied by changes in pathogenicity. If a line that 
can unite readily with several other lines produced rapidly growing and 
prolific mutants that can unite with fewer lines, the potential patho- 
genicity of the pathogene has been decreased. The converse might 
also be true. Until more precise information becomes available, it 
seems best to consider sex and pathogenicity together. 

Blakeslee (3,4), Kniep (33), and Derx (18) observed change of 
sex (usually loss of sex factors) in Mucor, Schizophyllum, and Peni- 
cillium, respectively, after they had been grown for some time in arti- 
ficial culture. This phenomenon is common in U. zeae also. Some 
of the most vigorous lines, sexually, have lost their power to unite with 
lines of opposite sex, but in every case the line in which such a change 
occurred was known to mutate frequently, at least under some 
conditions. 

Christensen (13) stated that in the case of Helminthosporium sati- 
vum there were mutations in the pathogenic capabilities of certain 
forms. The mutants usually were less virulent than the parent, but 
some were more virulent. Stakman, Christensen, and Hanna (45), 
and Hanna (24) called attention to apparent change in sexual reaction 
and pathogenicity of some mutants of U. zeae. Further experiments 
were made by the authors. 

The method of preparing inoculum and inoculating the plants was 
essentially that described by Stakman and Christensen (44). The lines 
were grown separately in a solution of 2 per cent dextrose and 1 per 
cent malt syrup. They were allowed to grow for two or three weeks 
before inocula*ions were made. The cultures were then mixed just 
before inoculation and the inoculum injected into the plants by means 
of a hypodermic syringe, as near the growing point as possible. The 
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controls were always inoculated in like manner with sterile nutrient 
solution and with monosporidial cultures. 

Results of inoculations with certain mu’ant lines from Minn. A 
are summarized in Tables XV and XVI. It will be noted that there 
were pronounced differences in the parasitic power of some of the 
mutants, as compared with that of their parents and other mutants. 


TABLE XV 
REsuLTts or INOCULATING CORN IN THE GREENHOUSE WITH SEVEN Mutants or Minn, A IN 
CoMBINATION WITH THEIR PARENT AND WITH THREE OTHER Mono- 
SPORIDIAL LinES oF Known SEx* 


No. plants No. plants Severity of 
Lines inoculated with galls infection 

Minn. A1-1 x Minn. A 48 QO: > | | DAES heccseecaneeten ere 

do x Minn. F to) tre fee See 

do x Minn. D 37 2t Warts 

do x Canada A 46 14t Slight; 2 large galls 
Minn. A3. x Minn. A OS ( EME Gc sheccrisfecic-o oS 

do x Minn. F 25 20 Moderate 

do x Minn. D 27 24 Moderate 

do x Canada A 20 24 Moderate 
Minn. A3-1 x Minn, A 2 0 = errata aetna 

do x Minn. F ie ue ae 8 een 

do x Minn. D 2 24 Heavy 

do x Canada A 33 31 Heavy 
Minn. A4-2 x Minn. A 46 O-=  - es hereto 

do x Minn. F 58 56 Heavy 

do x Minn. D 59 49 Moderate 

do x Canada A 51 36 Moderate 
Minn. Aq-7 x Minn. A 30 0! > 6 Saha eee 

do x Minn. F Co) Po Feces cis a 

do x Minn. D 38 28 Heavy 

do x Canada A 20 18 Heavy 
Minn. A6 x Minn. A 15 Oy. (s«(- 9° 2p See 

do x Minn. F to) ea a eee 

do x Minn. D 13 10 Moderate 

do x Canada A 13 12 Heavy 
Minn. Ato x Minn, A 22 ( DS er 

do x Minn. F te) oe eae 

do x Minn. D 22 16 Light 

do x Canada A 377 19 Light 
Minn. Ariz x Minn. A 60 Oe ws. Kae 

do x Minn. F 53 45 Heavy 

do x Minn. D 65 52 Heavy 

do x Canada A 54 44 Heavy 
Minn. A13 x Minn. A 60 OO fo) SEs taneoeenaeeee 

do x Minn. F 60 57 Heavy 

do x Minn. D 62 56 Heavy 

do x Canada A 51 40 Heavy 
Minn. A. x all mutants 31 OT 7, he 0” UNS 

do x Minn. F 62 39 Leavy 

do x Minn. D 60 51 Heavy 

do x Canada A 53 47 Heavy 


* Four selfed lines of corn as well as Golden Bantam were inoculated but variations in 
degree of infection on the different lines were not very great. The results, therefore, are 
included together. : 

+ Formation of chlamydospores doubtful. 

£ Two large galls near base of plant, perhaps due to contamination. 
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TABLE XVI 


REsutts oF INOCULATING GOLDEN BANTAM SweEeET Corn aND GEHU CorRN witH MINN. A AND 
Four or Irs Mutants 1N COMBINATIONS WITH Five OTHER LINES oF Ustilago zeae* 


Wo. plants No. plants Degree of 
Lines inoculated infected infection 
Minn. A x Minn. F 15 15 Heavy 
do x Canada A 16 14 Heavy 
do. x Minn. B 14 14 Heavy 
do x Minn. C fe Sit Yo ie ty he SRSA Oe eer 
do x Minn. D 15 14 Heavy 
Minn. A1-1 x Minn. F 12 UR nl Perec l aSoc's 
do x Canada A 16 & Warts only 
do x Minn. B 13 6 Moderate 
do x Minn. C 15 GMP ND Oe Fe em cid 
do x Minn. D 14 I One large gall? 
Minn. A3-1-1-2-1-1 x Minn. F 15 12 Moderate 
do x Canada A 15 re Moderate 
do x Minn. B 18 12 Moderate 
do x Minn. C 16 One eee Nea” ht at anaes 
do x Minn. D 15 16 Heavy 
Minn. A4-4-5 x Minn. F 8 8- Heavy 
do x Canada A 16 I Light 
do x Minn. B II 9 Heavy 
do x Minn. C ae Lo LP) pA apnomolicoarrr 
do x Minn. D 18 13 Heavy 
Minn. A13 x Minn. F 17 17 Heavy 
do x Canada A 15 3 Light 
do x Minn. B 17 16 Heavy 
co x Minn. C 14 EY eo BON Patera sts io ais lotchase 
do x Minn. D 16 II Heavy 


* Reactions of two varieties were approximately the same; the results therefore are 
combined. 
7 Gall near base of plant perhaps due to contamination. 


It is apparent from Table XV that Minn. A unites normally with 
lines of opposite sex, Minn. F, Minn. D, and Canada A, producing 
heavy infection. Obviously, none of the mutants could do beter on 
the lines of corn used in the experiment. Many did not do so well 
as the original parent, indicating a loss of virulence by mutation, which 
one would expect. But it seems clear that some mutan s may be more 
virulent than their immediate parent. This is shown by the fact that 
Minn. A3 caused only moderate infection in combination with Minn. D 
end Canada A, while Minn. A3-1 caused heavy infection with these 
same lines. The virulence of this mutant exceeded that of its imme- 
diate parent, but not that of its “grandparent.” This could hardly be 
expected of it, however, as the “grandparent” already had the maxi- 
mum virulence for the variety of corn inoculated. 

Muants clearly may differ from each other in pathogenicity and 
sex, indicating that mutations in these characters occur (Table XV). 
One of the most striking changes that has been observed was in Minn. 
A13. This line produced heavy infection with Minn. F, Minn. D, 
and Canada A. (See Table XV.) When experiments were made 
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nine months later, however, Minn. Ar3 produced only light infection 
with Canada A. The experiments were repeated, but the differences 
remained constant. At present A13 is only weakly parasitic with Minn. 
F also, indicating a change in virulence, but not a complete change in 
sex factors. 

Mutants were paired within their parents (Tables XV, XVII) 
and in no case did they unite, indicating that the sex had not changed 
completely by mutation. There are differences in virulence, however, 
as can be seen by a perusal of Tables XV and XVI. 


TABLE XVII 


ReEsutts oF INocULATING Minn. No. 13 Corn witH W. Va. A8 IN COMBINATIONS WITH SIx 
or Irs Mutant DERIVATIVES, AND WITH Two oF Its Mutant DERIVATIVES 
AND One Sister Mutant IN COMBINATIONS WITID 
THE SAME Srx Mutants 


Lines A8 A8-5 A8-5-1 AZ 
A8 sa of Om 
15 

A8-5-1 ) fo) fo) ° 

15 21 18 18 

A8-5-1-1 Co) to) Co) to) 

17 21 16 7 

A8-5-1-2 to) fo) (o) to) 

18 18 20 17 

A8-5-1-6 to) fo) te) (0) 

20 24 19 20 

A8-5-1-7 0 0 0 ° 

19 18 18 m3 

A8-5-1-8 fo) (0) te) to) 

17 21 19 23 

* Denominator = number plants inoculated; numerator = number plants infected. 


In Table XVIII are recorded the results of inoculating Minn. No. 12 
corn and Gehu with W. Va. A8-5-1, its immediate mutant, A8-5-1-1, 
and six mutants from the latter. It is apparent that A8-5-1-1-3a and 
A8-5-I-1-5a were less virulent than both of the above-mentioned on 
both varieties of corn inoculated. On the other hand, A8-5-1-1-6 
seems more virulent on Gehu, both with Minn. E and Italy Az, than 
its immediate parent. The same appears to be true of A8-5-1-1-7. 
There are indications, therefore, that there may be a certain degree 
of specificity of certain combinations of smut lines for certain vari- 
eties of corn; and there is further evidence that mutants may be either , — 
more or less virulent than their parents. 
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TABLE XVIII 


Resutts oF InocuLaTING Two VARIETIES oF Corn witH W. VA. A8-5-1 anpd SeEveEN oF Its 
Mutant DerIvaTIvVES IN COMBINATIONS WITH Minn. E anv Irary At 


Smut lines, corn varieties, and degree of infection* 


Lines Minnesota E Italy Ar 
Minn. 13 Gehu Minn. 13 Gehu 
A8-5-1 6 M+ 5 Ly 2oM + 1 
“9 3 1 76 
A8-5-1-1 mr M++ 5 S+ mM + 4S+ 
11 ‘8 “9 5 
A8-5-1-1-2a 11 MtoL+++ 6 MtoL+++ 11 MtoS ++ 6 StoM + 
tr 6 13 7 
A8-5-1-1-3a 45M + 3?VS — 22S =e ° 
13 7 11 “ 
A8-5-1-1-5a 5sS+ 8’ StoM + 4S+4 11 StoM+ 
ef 15 7 13 
A8-5-1-1-6 5 M++ 133 StoL+++ 6M-+++ 730 Mito. LE 
“6 13 6 13 
A8-5-1-1-7 @ MS eisae iV eo 3 Sa rar m3) tet 
7 12 7 1a 
A8-5-1-1.8 6 M+-- 1 M+ See 8 StoM + 
7 13 7 “1 


* The denominator denotes the number of plants inoculated and the numerator the num- 
| a . . 
ber on which galls were produced . The exponent numbers indicate the number of plants on 
which incipient galls were produced. 


L = large galls, +++ =very many galls. 
VL=very large galls. +--+ = many galls, 

M = medium sized galls. + = moderate number of galls. 
S =small galls. + = few galls. 

VS = very small galls. — = very few galls. 


Table XIX summarizes the results of inoculating Golden Bantam 
eorn with W. Va. A8 and a number of its mutant descendants in com- 
binations with several other lines. A8-1-1 is at least equally as viru- 
lent as the parent, and possibly more so, but the other three are less 
virulent in all combinations. It appears that A8-5-5 and A8-5-3-1-2 
are considerably less virulent than W. Va. A8, altho they have 
not completely lost the power to unite with those lines with which A& 
unites, except perhaps with Italy Ar. Even A8 does not form a viru- 
lent combination with Italy Ar. It will be noted that A8 is only 
weakly parasitic with Minn. C, also. W. Va. A8-5-3-3-2 seems to be 
entirely unable to unite with any of the lines with which it was mated, 
apparently being entirely devoid of the necessary sex factors. 

The results again show that some mutant lines form virulent com- 
binations with certain other lines and only very weakly parasitic 
combinations with others. They also show that mutation may result 
in changes in sexual and pathogenic powers. A8-5-5 and A8-5-3-1-2 
_ may have lost certain factors for sex, as relatively few chlamydospores 
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were produced, or it may be that the dikaryophytes were unable to grow 
well in the tissues of the host because factors for physiologic vigor 
were absent. Either interpretation would seem plausible, but further 
studies must be made before drawing final conclusions. W. Va. 
A8-5-3-3-2 probably has lost the sex factors of the parent and has 
become sterile, or it is of different sex, as it failed to form chlamydo- 
spores or to produce clearly visible indications of infection with any of 
the lines with which it was paired. 


TABLE XIX 


ReEsutts oF INOCULATING CoRN wiTH W. Va. A8 AnpD Four or Its Mutant DERIVATIVES IN 
CoMBINATIONS witH Ercur OrHEer MonosporipiaL LINES 


Smut lines and degree of infection* 


Lines W. Va. W. Va. W. Va. W, Va. W. Va. 
A8 A8-1-1 A8-5-5 A8-5-3-1-2 A8-5-3-3-2 
Minn. A 1 M+ to M ++ 71toS — 3I1toS — Co) 
12 10 II 13 15 
Minn. C 4ltoS + Altes = av Eye 
12 II 14 15 11 
Minn. E 1 M+ 13 L+4++ sl fo) (0) 
12 13 10 II 14 
Spain A i L+++ 3L+++ 4ItoS — 31toS — ° 
12 14 II II 13 
Italy Ax OyleaorS) ae 8M + to) fo) fo) 
II 10 II 12: Te 
Minn. A13 x yr L +4++ 13M++ ZT 6ItoS — ° 
Minn. F.57 —_ — — = — 
II 14 ie 10 13 
Minn. Ar3 x i35M+4++ s12L+4+++ Bel 6LtoS — Co) 
Minn. F.8 = = = aod = 
15 13 DY 13 Io 
Minn. Ar3 x 16L+++ i11L4+++ sltoS — i) ° 
Minn. F.10 == —= = a a 
17 12 Ir 14 10 


* The denominator denotes the number of plants inoculated and the numerator the num- 
ber on which galls were produced. 


L=large galls. +++ =very many galls. 
M = medium sized galls. +-+ = many galls. 
S =small galls. + = moderate number of galls. 
I = incipient galls. + = few galls. 
— = very few galls. 
+ Minn, Ar3 x Minn. F.5, etc., = fifth sporidium from the cross indicated. 


Mutations in sex and pathogenicity evidently occur commonly and 
may result either in gain or in loss of factors, apparently for both 
characters, altho loss seems more common than gain. It appears evi- 
dent that there may be various degrees of loss of virulence and sexual 
power in mutants from the same monosporidial line. The authors are 
of the opinion that, in U. zeae at least, the loss of virulence in culture 
is due to mutation, as the changes of this nature that they observed 
were sudden, not gradual. Furthermore, there is positive evidence: 
that there is not necessarily a correlation between the virulence and 
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sexual vigor of a monosporidial line and the length of time it has 
been grown in artificial culture. Minn. E and Minn. F have, for ex- 
ample, been in culture for four years and have lost neither sexual nor 
pathogenic potency. These lines do not mutate frequently; conse- 
quently it is relatively easy to maintain their purity. But this is not 
true of the lines that mutate freely, and it was in such lines that the 
authors observed most of the so-called loss of sex and pathogenicity. 
Sex mutations would be observed less easily than mutations resulting 
in such easily observable characters as color, type of growth, etc. In 
fact, the only way to determine them would be by inoculations, unless 
the mutants happened to differ in appearance. Using ordinary myco- 
logical culture routine, there is no assurance that a culture will remain 
the same after several successive transfers as it was at the beginning. 
Care must be taken to transfer each time from the parent, and not 
from the parent plus one or more mutants, or from mutants alone. 
Changes in pathogenicity of a culture do occur; but not by gradual 
degradation due to growth on artificial media, at least so far as the 
authors’ observations go. Unless necessary precautions are taken to 
transfer continually from the original line, the culture is likely to com- 
prise several lines after relatively few “cultural generations,” and none 
of these may be the same as the original, which easily may have been 
lost in transferring cultures by ordinary methods. A true explanation 
of loss of pathogenicity might be that the pathogenic line was lost in 
the shuffle, not that the pathogenic line lost its pathogenicity. 

It seems clear that physiologic forms or monosporidial lines differ 
in general cultural characters, including rate of growth, direction of 
growth, type of growth, surface characters of colonies, and color. They 
differ also, to a certain extent, morphologically, physiologically, in tend- 
ency to mutate, and in sex and pathogenicity. Differing, as mutants 
do, in these characters, it follows that the factors for the characters 
are subject to mutation. It seemed desirable, therefore, to ascertain 
somewhat more precisely than was possible from general observations 
the environmental conditions under which mutations occur most fre- 
quently. 


FACTORS AFFECTING MUTATION 


There was abundant evidence from numerous experiments and ob- 
servations that environment exerts a profound influence on the pheno- 
typic characters of U. zeae. There was no evidence of slow, cumulative, 

heritable changes. Lines did not gradually lose their color, virulence, 
or similar characters; neither did they gradually acquire any new 
capabilities as a result of growing under different conditions. When 
changes did occur, they occurred suddenly and presumably by muta- 
tion; but there was abundant observational evidence that environmental 
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factors affected the frequency of mutation. Therefore, experiments 
were made for the purpose of obtaining data along this line. 


Nutrients® 


Christensen (13), Brown (8), and others have shown that the 
amount and kind of culture medium imay affect the frequency of mu- 
tation. As general observations indicated that this was true also of 
U. seac, experiments were made on the effect of nutrients. In one 
series seven monosporidial lines were grown on six different agar 
media. The results are given in Table XX. There were indications 
that the kind of medium affects the frequency of mutation; therefore 
more detailed experiments were made. 


TABLE XX 


Tue NumsBer or Mutants THAT DEveLopED in SeEvEN MonosporipiaL Lines oF Ustilago zeae 
on Stx DirFeRENT AGAR Mepra in TripLticate FLasks tor Each Mepium 


Medium and number of mutants* 


Lines 
I II Til IV V VI Totals 

Texas A to) co) () ) o oO te) 
Minn. A 6 8 3 8 I to) 26 
Minn. G Zz C) 0 0 oO o 2 
Hungary A to) ° ° fo) 
Spain A 2 4 o 6 
W. Va. A8& ue 5 3 12 20 
Minn. E 4 fo) o I o ° 5 

Totals 12 8 a 16 8 1 59 


* Triplicate flasks were used throughout except for those listed in Column III in which 
duplicate flasks were used. 
Media used: 
I. 3.5 per cent Difco potato-dextrose agar 
Il. 4 per cent Difco potato-dextrose agar plus 2 per cent sucrose 
III. 4 per cent Difco potato-dextrose agar plus 0.5 per cent glycerin and trace of 
gentian-violet 
IV. 1.2 per cent Difco potato-dextrose agar plus 1 per cent litmus 
V. Half-strength Shive’s solution plus 3 per cent dextrose plus 1.2 per cent agar 
VI. Half-strength Shive’s solution plus 3 per cent lactose plus 1.2 per cent agar. 


The following lines of U. zeae were used: W. Va. A8-5-1, Texas A, 
Canada A, and Minn. A. These lines were grown first on an agar 
medium containing various sugars without any mineral salts. The 
cultures attained considerable diameter but were always colorless and 
effuse, scarcely half the thickness of ordinary writing paper. Increas- 
ing the concentration of sugars did not stimulate more normal growth. 
Neither was there much difference in the growth on dextrose, sucrose, 
or a combination of both. No mutants appeared on the plain sugar 
agars. The addition of small amounts of MgSO, resulted in the pro- 
duction of more normal colonies, altho they were still colorless, and 


5 These experiments were repeated by M. B. Moore and J. M. Walter while the bulletin 
was in press. The results in general agreed closely with those recorded here. 


i * 


USTILAGO ZEAE 45 


no mutants appeared. The addition of small amounts, .006 per cent, 
of calcium nitrate or sodium nitrate, however, produced a profound 
effect. The colonies grew faster, became larger, and were much thicker 
than those grown on agar containing sugars only. In addition, nu- 
merous sectors were formed when the nitrate salts were added to the 
medium. Increasing the percentage of nitrate salts did not result in 
greater frequency of mutation but seemed to have the opposite effect. 
For example, the medium containing .or2 per cent calcium nitrate 
appeared to inhibit growth as well as mutation. (See Table XXI.) 


TABLE XXI 


Tue NumsBer or Mutants [HAT APPEARED IN Four MonosporipiaL Lines oF Ustilago zeae 
on Various Nutrient Mepta 


’ Sectors 
Medium -— - = ~ 
W.Va. Texas Canada Minn. Total Notes 
AS-s-1 A A A 
oh Given 20/8 SOI ee Ea 0 I Co) oO I 
Sucrose 7-59, agar 1.8%...... 0 ) 0 ty) Co) 
Bicrose 3/0, agar 1.8%. .....%-. oO o o ) 0 Growth effuse. Culture 
Dextrose 3%, agar 1.8%....... 0 to) 0 oO o of considerable di- 
‘Sucrose 1%, dextrose! 1%, agar ameter but very 
7 ENE) GA (a) ° oO a) to) thin. Almost color- 
Peptone 1.5%, dextrose 1.5%, less 
SEONG) Nae vietclidi sisi us + <> (0) to) iE} 2 = 
Peptone 3%, agar 1.8%........ 0 0 a) 0 0 
Sucrose 1.5%, agar 1.8%, Slightly healthier 
Sia O 0 20) Shy ee 5) te) a) 0 6) growth than those 
on sugar alone 
Sucrose agar 1.8 NaNO, ; 
Se: %, $ Growth more rapid. 
| <OCCYA Sigh Reha ee noe creer 5 I fo) 4 10 aE eeeee can 
Sucrose 3%, agar 1.8%, NaNOo Se cee 
several times thick- 
MASEN OMRON cal ea cial ce) ct isi oeaa 0 3 16 17 36 
ae Lay Ss er than those on 
Sucrose 1.5%. agar 1.8%, pean 
sugar media 
‘Cay YON Sn Ae) e/a 0 0 5 3 8 5 
Sucrose agar 1.8 NH,)2 ‘ 
3%, 28 2, ¢ is Colonies only about 
INCles GG) UG poole nee 0 0 0 ) 0) Ne aE eee eernee 
a d ar. ra 
) Sucrose 3%, agar 1.8%, (NH,); ; shares 
Oo, on nitrate media but 
OB OU2 Od ls severe ctersierssa re 0 0 0 0) 0 Paes ; 
Y cer; el- 
Sucrose 1.5%, agar 1.5%, (NHy)» 2 NB ery ater a 
DG 006%. 2 as. ee mare, (7) i) oO 7) a) gs 
Sucrose 1.5%, agar 1.5% = Very similar to those 
ea O ME OM, Hecetaria le clo-e 0 0 0 0 0 grown on sugar media 
- Sucrose Weave aear 15%, Ca Colonies slightly larg- 
4 (NO). .0co5%, (NHy4)2P 0. er than those on ni- 
y BODEN he sbeicl c/a. hei covey Sais ‘space = 0 0 0 0 0 trate media 
“1 
Half-strength Shive’s solution, 
IMAM TES 9 so) da pievnw tanre-avent ) 6 0 2 8 
Mme@arter’s medium* }........... 0 te) oO t) ) 


¢ * Carter’s medium; 20 gm. dextrose; ro gm. peptone; 10 gm. NHyNOs; 5 gm. KNOs; 
2.5 gm. KoHPO,; 2.5 gm. MgSOj; 0.1 gm. CaCle; 20 gm. agar; 1000 cc. dist. H2O. 
Z 


\g 
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No mutants appeared on sucrose agar plus different amounts of 
ammonium phosphate. The diameter.of the colonies on such media 
was only about half that of those on the nitrate media, altho they were 
much thicker, some of them being 5 mm. or more in thickness. Color 
production was very pronounced, the colonies being yellowish to orange. 
Transfers were made from these thick, bright-colored colonies to sugar 
agars and the same type of growth resulted as had appeared originally, 
indicating clearly that there had been merely a temporary modification. 
Sectors were never seen on the phosphate media. 

Experiments then were made to ascertain whether the addition of 
small amounts of ammonium phosphate to the media on which sectors 
were produced abundantly would inhibit their formation. To the 
medium consisting of 1.5 per cent agar, 1.5 sucrose, and .006 per cent 
calcium nitrate was added .006 per cent of ammonium phosphate. The 
colonies that developed were almost identical in appearance with those 
grown on the sugar media plus ammonium phosphate alone, altho they 
were slightly thicker and somewhat larger. No sectors appeared, the 
addition of the ammonium phosphate apparently having counteracted 
completely the effect of the nitrate in stimulating mutation. 

It was suspected that the PO, radicle was responsible for the type 
of growth which developed when (NH,),PO, was added to the media. 
To ascertain whether this was true, potassium phosphate was substi- 
tuted for ammonium phosphate. The colonies grown on this medium 
differed greatly from those produced when the ammonium salt was 
used. The colonies were almost colorless and very effuse, resembling 
those produced on the sugar media. No sector formation was noted. 
This suggested that the PO, radicle was not responsible for the type 
of growth that developed when (NH,),PO, was used as a constituent 
of the medium. 


Temperature 


From general observations and experiments there was evidence that 
certain lines of U. zeae mutated much more at certain temperatures 
than at others. This also is true of Helminthosporium sativum (14). 
Experiments therefore were made to determine the effect of tempera- 
ture. W. Va. A8-5-1, Texas A, Canada A, and 17 Minn. A were 
used, with the results as summarized in Table XXII. Four separate 
experiments were made. In the first one the four lines of smut were 
grown in 4 flasks each at 8, 15, 20, 26, and 31°C. Sectors appeared 
only at 26° and 31° C. In the subsequent experiments tests were not 
made at 8° C. because the fungus failed to grow appreciably at that 
temperature. The results were consistent in all four tests, so it seems: — 
fairly certain that, in the lines tried, mutations either occur or become 
observable only at the higher temperatures. This is apparent from 
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the summaries given in Table XXII. There were no sectors in colonies 
grown at 8° and 15°, only one in all those grown at 20°; eight at 
20", and eighteen at 31° C. 


TABLE XXII 
EFFECT OF TEMPERATURE ON THE DEVELOPMENT OF Mutants IN Four MonospcripiAL Lines 
or Ustilago zeae, GROWN ON Four DirFERENT MEDIA, IN 
QuapRUPLICATE FrasKs For Each MeEpium 


Forms used and number of mutants produced by each* 


Medium Temperature, W. Va. Texas Canada Minn. 
degrees C. A-8-5-1 A A A Total 
8 o ° o o ° 
15 0 0 Co) Co) 0 
Sucrose 10 gms., malt ext. 20 (a) fe) to) to) ° 
5 cc., agar g gms. 26 ° ° r fe) I 
31 0 Co) rT 3 4 
fo) oO 2 3 5 
TS 0 0 ° 0 to) 
Sucrose 10 gms., malt ext. 20 ° fo) i} I I 
5 cc., agar 9 gms. 26 (0) fo) fo) I I 
31 I I 5 te) 7 
I I 5 2 9 
rs Co) to) ) ° 
Sucrose 10 gms., Ca(NOz)o 26 0 2 C) 2 
.006%, agar 9 gms. 31 ae (0) 3 0 3 
(9) 5 te) 5 
5 ° 0 ° ° 
Shive’s solution agar 2 4 ° o 4 
I 4 o te) 4 
& fo) to) 8 
Light 


Fairly extensive tests to determine the effect of light on the fre- 
quency of mutation were made with the same smut lines that were 
used in studies on the effect of temperature, but the results were in- 
conclusive. Half of the cultures were kept in constant light and half 
in constant darkness, but very few sectors developed, probably because 
the cultures were kept at 20°~C., which seems too low to stimulate 
mutation. 


DEGREE OF CONSTANCY OF MUTANT CHARACTERS 


The same monosporidial lines may vary tremendously under different 
environmental conditions. As a matter of fact, virtually every cul- 
tural character by which lines are recognized is subject to extremes 
of variation. This is true of size of colony, type of growth, consist- 

ency, elevation, topography, zonation, and marginal characters. Even 
under conditions which permit fairly extensive growth, the variability 
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may be so great that one easily could conclude, on the basis of cultural 
characters on solid media, that the same line actually was several 
different lines. Some of the lines are more variable than others, but 
all are subject to considerable variability. As it often would be quite 
impossible to recognize the same line grown under different conditions, 
it is very important that standardized conditions be used to make com- 
parisons of cultures grown at different times. 


ee 
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Fig. 7. Differences in the rate of radial growth of mutants and their parent, Minn. A 
(designated by H in diagram), when grown on two different media: A, potato-dextrose agay 
(measurements made on the 11th dar); B, potato-dextrose agar + trace of gentian-violet 
(measurements on 33d day). 


a 


USTILAGO ZEAE 49 


. The composition of the medium may have a profound influence on 
the appearance of colonies. The amount of moisture, very slight dif- 
ferences in the composition and the amount of medium used, may 
affect the appearance of colonies considerably. The effect of media 
is shown clearly in Plate VIII, which shows Minn. A3-1-2 on three 
different media. It will be noted that the surface on potato-dextrose 
agar is decidedly convoluted but there are radial ridges near the margin, 
with fine white mycelium at the edge. On potato agar the grow¢h is 
much more effuse; therefore the convolutions are less distinct, and 
the marginal ridges almost imperceptible. On 1 per cent glycerine 
potato agar there are a few convolutions near the center of the colony 
and deep radial furrows with only a faint suggestion of radial ridges 
on a few of the lobes near the edge of the colony. 

Several series of lines from W. Va. A8 were grown at various times 
under uniform conditions on potato-dextrose agar, potato-dextrose plus 
half-strength Shive’s solution agar, and litmus-lactose agar. A close 
study was made of the characters of W. Va. A8-4 to A8-4-5, inclusive, 
and of A8-5 to A8-5-5, inclusive. In all cases it was possible to 
distinguish the different lines on any one of the media alone, but the 
characters of the same line on the three media were quite different. 
The colonies on litmus-lactose agar, for example, were on the average 
considerably larger than those on the other two media, but the growth 
was more effuse. There was a tendency for most characters to ap- 
pear most sharply defined on the potato-dextrose plus Shive’s solution 
agar. The charac‘eristic color was generally most distinctive; the 
characteristic topography of the surface was most clearly defined; and 
the marginal characters were usually more outstanding. In some of 
the lines there was a tendency toward the production of a black color. 
This was always deepest on the agar containing Shive’s solution. In lines 
characterized by rugose, contoured, or reticulate topography, the most 
pronounced development occurred on this medium. The reticulations 
were always larger and coarser and the radial ridges were almost always 
more sharply defined. These characters were almost entirely suppressed 
on litmus-lactose agar, althc in some cases there were indications of 
their occurrence. It is noteworthy, however, that when colonies grown 
on one medium were transferred again to another medium, they then 
assumed the distinctive characters of the particular line on that par- 
ticular medium, indicating that there was no gradual fixing of char- 
acters because of growth on a particular kind of medium. 

Effect of temperature on the appearance of colonies is shown fairly 
well in Plate IX, which pictures colonies of four lines grown at 26° C. 
and 18°C. (10° for A8-5-2-1). It will be noticed that colonies of 
W. Va. A8-5-2-1 resemble each other at the two temperatures, but the 
margin is more nearly entire at 26° C. At 10° C. it is quite irregular 
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and decidedly raised. The most characteristic difference is the fact 
that at 10° C. there is a tendency for part of the colony to grow away 
from the medium, forming a cup-shaped structure near the center. At 
26° there are two well-defined zones in the colonies of A8-5-4, a central 
mound which is only slightly contoured, and a marginal band lighter 
in color and characterized by the presence of mid-sized, branched radial 
folds which intertwine somewhat at the base. At 18°C. there is 
virtually no zonation and the radial ridges are considerably suppressed, 
altho there are a few radial furrows. The colony of A8-5-7-1 at 26° 
is flat, smooth, and distinctly zonate. On the other hand, at 18° it is 
convex to umbonate, verrucose to rugose, and not zoned. It will be 
noted that the topography of the two colonies of A8-5-1-3-3 tends to 
be approximately the same, altho it is more pronounced at the higher 
temperature. The shallow radial folds produced near the margin of 
the colony at the higher temperature are entirely absent at the lower 
temperature. Furthermore, the surface of the colony at 26° C. was 
somewhat waxy, while at the lower temperature it was fine and felt- 
like. In most cases the colonies were smaller at 18° than at 26°, al:ho 
in at least one instance they were equally large at both temperatures. 

Despite the fact that there is great pheno‘ypic variability in the 
same lines of U. geae, it is remarkable that they seem to be so constant 
for given conditions, except for mutation. There has been no evidence 
whatever, in the authors’ studies, that a permanent change is induced 
by environmental conditions, except in so far as they stimulate mutation. 

The concept of the “educability”” of fungi apparently still is held 
by some mycologists. Loss of virulence of cultures, loss of factors 
for color production, and loss of sporulating ability have repeatedly 
been explained on the basis of degradation resulting from artificial 
culture. In U. zeae, the only changes of this nature that the authors 
have detected were clearly explicable on the basis of mutation, not on 
the basis of degeneration because of saprophytic nutrition. Mutability 
could easily account for much of the so-called educability, as pure lines 
of a very mutable fungus are difficult to maintain. One could scarcely | 
guarantee the homogeneity of a culture which had been grown in cul- | 
ture for several months or a year without precautions to avoid trans- 
ferring mutants along with the parent. The authors have observed 
hundreds of times that small, indistinct mutants may be very numerous 
on agar slants. It would be relatively easy to transfer these mutants 
during routine transfers. Furthermore, as pointed out previously, 
mutants may appear as indistinct sectors or patches on the colony. | 
What assurance could there possibly be that dozens of these mutants 
were not transferred unless precautions were taken to avoid it? 

It seems to the authors that the best method of insuring the purity 
of cultures of a mutable fungus is to grow it in flasks containing a 
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‘medium on which mutation does not occur commonly. Even then 
precautions must be taken to transfer from the parent colony and not 
from the parent colony plus one or more of the mutants. Brown (8) 
has called attention to the danger of transferring mutants and per- 
mitting them to accumulate in routine cultures unless similar precau- 
tions are taken. If stock cultures are carried in test tubes, it is desir- 
able to grow them on a relatively poor medium for mutation and trans- 
fer frequently. Even then there is no assurance, in the case of a 
fungus like U. zeae, that the population of the cultures will remain 
homogeneous. 

From all experiments and observations made by the authors they 
can only conclude that U. zeae is extremely unstable genetically, but 
not in the sense imputed by such words as educability, adaptation, and 
Abkultur. They have repeatedly, in fact thousands of times, observed 
the appearance of new lines, but only by mutation and hybridization. 

It has been claimed that the phenomenon of reversion tends to 
prove that so-called mutants are not in reality true mutants. In 
U. zeae reversions to the parental type do occur, but in a relatively 
small percentage of cases; and then the evidence is that they occur 
by mutation. 

Despite the frequency of mutation, the authors have grown many 
lines in culture for periods of time ranging from a few months to 
three years, without observing any inexplicable change. In fact, some 
of the cultures, principally those that mutate only very infrequently, 
have been grown constantly on artificial media for four years without 
alteration of their essential characters. The following experience is 
illustrative of this fact. During the summer of 1928 one of the authors 
made comparative studies of W. Va. A8-5-1 to W. Va. A8-5-5, inclusive. 
His final notes on some of these mutant lines were taken on July 4, 
1928, and on the others, September 10, 1928. He then gave the cul- 
tures to one of the other authors for experiments on physiologic char- 
acters and did not see them again until September 1, 1929. “Then he 
recognized the numbers in a temperature series and looked up his 
original notes to see how the descriptions corresponded with the char- 
acters apparent at that time. 

One line, W. Va. A8-3-1, arose in a slightly pinkish colony of A8-3 
as a large fan-shaped sector which was characterized by conspicuous 
tadial folds and an olivaceous color, both of which were entirely lack- 
ing in the parent colony. The mutant was grown on several different 
‘media for comparison with the parent. The outstanding characters of 
the mutant on potato-dextrose agar at that time were its rather coarse 
growth, the distant and pronounced radial folds, and a mouse-gray to 
olivaceous color, obscured somewhat by a whitish-powdery superficial 
growth, and a mycelial margin of medium texture. On September 1, 
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the colonies on potato-dextrose-maltose agar grown at 26° C. were as 
nearly identical in appearance with those grown on a slightly different 
medium, at room temperature, a year previously as could be determined 
from the author’s notes and memory. On inquiry it was found that 
this particular line had been transferred at least twenty times during 
the year; had been subjected to varying conditions of nutrition and 
temperature; and had produced at least one mutant. Nevertheless it 
was virtually identical in appearance a year later. Stock cultures of 
the mutants were then compared with stock cultures of the parent and 
it was obvious that the characteristic folds of the mutant were quite 
apparent and would serve to distinguish it readily from the pareiit, 
even on fairly old agar slants. 

Another of the cultures in this series was W. Va. A8-5-1. On 
potato-dextrose agar, September 10, 1928, the size of the colonies was 
recorded as 50 mm., and the outstanding characters were described as 
follows: “Most of the colony distinctly convoluted, with a border 
about 1 cm. wide in which there are distinct radial ridges rather unique 
in the fact that they are shaped like a tuning fork; color of the central 
area of the colony grayish, the remainder gray-buff, and the marginal 
area a clear buff orange.” It so happened that the colonies on potato- 
dextrose-maltose agar on September 1, 1929, were exactly 50 mm. in 
diameter, the central area was grayish, the remainder gray buff; the 
radial ridges were precisely as had been described a year previously ; 
and the color of the marginal area in which they occurred was again 
a clear orange buff. W. Va. A8-5-4 was described September 10, 
1928, as having a decided central mound 20 mm. in diameter and gray- 
ish buff with a tinge of purple in color on potato-dextrose agar, delicate 
pink on potato-dextrose plus Shive’s solution agar, with a broad margin 
of rather fine, radial lines or ridges. On September 1, 1929, the central 
mound and the marginal characters were as described a year previously, 
altho the color was somewhat deeper. Furthermore, a note was made 
on September 10, 1928, that the color of A8-5-4 on potato-dextrose 
plus Shive’s solution agar was deeper orange than that of A8-5-1. 
Precisely the same observation was made on September 1, 19209. 

The characters mentioned above appear to be due to genetic fac‘ors, 
as they tend to appear under conditions that are in the least favorable 
for the growth of the organism. They can be altered or suppressed 
temporarily but always tend to reappear when the organism is grown 
under fairly normal conditions. The above are merely a few observa- 


tions which convince the authors that the mutant lines are different — 


genotypically and not merely phenotypically. It may be objected that 


the differences between mutants and their parents may be due to changes _ : 


in the cytoplasm rather than in the nucleus, that they are, therefore, 
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somatic rather than genotypic changes. It is true that thus far the 
criterion of heritability has been satisfied only for asexuaily propagated 
mutants. It has been pointed out, however, that mutants often differ 
from parents in sex factors. ‘This surely would seem to involve a 
change within the nucleus. Furthermore, there is evidence that factors 
for mutant characters are inherited through sexual reproduction as well 
as asexual propagation. 

A study of the f, lines from crosses between lines of U. scae 
indicates that there are multiple factors for most of the characters 
discussed in the foregoing pages, and that the organism is highly 
heterozygous for most characters. This complicates breeding tests. 

It seems clear, however, from Table XXIII that the change in type 
of growth of at least one mutant from that of the parent is genotypic. 
The f, lines* from Minn. A x Minn. F, both mycelial types, were 
mostly mycelial. But those from Minn. F x Minn. Ar3, a sporidial 
mutant from Minn. A, were mostly sporidial. That Minn. A1r2 and 
Minn. A13, sister mutants from Minn. A, carry differen genetic fac- 
tors for growth type is indicated by the fact that most of the f, lines 
from Minn. At2 x Minn. D were predominantly mycelial. From Minn. 
A113 x Minn. D, on the other hand, there were 14 mycelial, 7 inter- 
mediate, and 11 sporidial types. This furnishes evidence that Minn. 
A13 differs from its parent, Minn. A, and from its sister mutant A12, 
in gene'ic factors for growth type. The change, therefore, would 
seem to be genotypic in nature—true mutation. 


TABLE XXIII 


GrowtnH Type oF f; LINES FROM CROSSES RETWEEN CertTAIN Lines oF Ustilago zeae 


Number of f; lines of different 
growth types 


Cross and growth type of parents _- 


Mycelial Intermediate Spondial 
Minn. my cel pic Minn, If (mrycel.)) ..-. 1c... s eee 13 ( I 
Minn. Ar3 (sporid.) x Minn. F (mycel.) ..........-. 4 2 7 
Minn, Az3 (sporid.) x Minn. D (mycel.) ............ 14 i 11 
Minn. Ai2 (mycel.) x Minn. D (mycel.) ............ 12 o I 


DOES TRUE MUTATION OCCUR IN USTILAGO ZEAE? 


The authors have used the term mutation to designate the phe- 
nomenon resulting in the sudden and fortuitous origin of the new lines 
of Ustilago zeae discussed in the foregoing pages. Some microbiolo- 
gists and geneticists may, and probably will, object to the use of the 
term in this connection. Possibly we have not proved mutation. 
6 The sporidia on the promycelia of chlamydospores resulting from a cross can be con- 


sidered the gametes of the F, individuals. They are therefore designated f,, and cultures 
resulting from single sporidia are designated fj; lines. 


54 MINNESOTA TECHNICAL BULLETIN 65 


Whether we have depends largely on the concept of what mutation 
really is. The word has been used rather loosely, perhaps, in the 
liierature of microbiology. The authors have used it to denote the 
sudden appearance of new lines of U. zeae, which apparently are not 
the result of normal segregation nor of abnormal environmental con- 
ditions, and the mechanism of whose origin is not, and possibly cannot 
be, known. Possibly the authors have used the term in a too liberal 
sense; that depends, of course, on one’s opinion of what the word 
should connote. 

There probably is no universal agreement, even among geneticists, 
as to the precise meaning of the word mutation. Baur (2, p. 339) 
defines it as follows: ‘‘Erbliche Verschiedenheiten zwischen den Eltern 
und ihren Nachkommen—auch den vegetativ entstandenen—welche 
nicht auf Bastardspaltung beruhen, sondern welche andere Ursachen 
haben.” If this definition is accepted, the authors think they have 
proved the case beyond reasonable doubt for U. zeae. The changes 
that occur certainly persist through many asexual generations and 
evidently also through sexual fusions. They apparently are not the 
result of hybrid segregation, altho the authors can furnish no guarantee 
that there is not an unsuspected, or at least undetected, segregation 
of factors after sporidia have been formed on the promycelium, where 
segregation of sex factors and of those for cultural characters certainly 
usually occur. It is just such uncertainty as this that probably provoked 
Brierley’s expressions of agnosticism in his philosophical essays on 
mutation in micro-organisms and in the interpretation of his own 
results (5, 6, 7). 

Brierley (7) maintains that the phenomenon described as mutation 
in micro-organisms cannot be equated with mutation in higher plants 
and animals. His opinion is that it is premature to use the term in 
mycological studies when there is evidence only of changes of unknown 
genetic causation. Because of the ignorance of genetic constitution and 
chromosomal relations in fungi, Brierley thinks there can be no assur- 
ance of genetic purity even in monosporous lines. He points out that 
a monosporous line may be heterozygous and therefore has no greater 


genetic value “than a single-seed or a single-tuber culture derived | 


from a probably or possibly cross-bred higher plant of unknown genetic 
constitution” (7, p. 724). He states further that no geneticist would 
accept such material as a sound basis for experimental work unless by 
breeding experiments he could analyze its genetic constitution and 
obtain progeny homozygous for the character he wished to investigate. 
This has not yet been possible for fungi. Attention is called also to 


the fact that monosporous fungal lines may be heterokaryotic, hence: 


genetically impure, as a result of sexual fusions or anastamosing of 
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vegetative hyphae. The chance assortment of nuclei in cell division 
might then result in the appearance of “new strains.” Brierley does 
not deny the possibility of mutation in fungi but states definitely that 
he is of the opinion that no single case has been described which sat- 
isfies the criteria essential to proof. 

It is unfortunate that words must be used to describe phenomena 
and express concepts, because few words can be used with mathematical 
precision. If a scientific term meant precisely the same thing to all 
investigators, there undoubtedly would be fewer arguments—and prob- 
ably less literature to read. After all, what most likely is needed is 
accurate descriptions of phenomena and clear-cut distinctions between 
those that are different. In the present case the difficulty seems to be 
that we do not know sufficiently well, at least in microbiology, just 
what the mechanisms are by which so-called mutations are brought 
abou’. The word mutation often has been used to designate sudden 
and unexplained changes of more or less permanent nature in the 
observable charac‘ers of micro-organisms. Blakeslee (3, 4), La Rue 
(35), Christensen (13), Leonian (36), Christensen and Stakman (15), 
and Stakman, Christensen, and Hanna (45) used the word mutation 
more or less in this sense. Stevens (46), Brown (8), Chaudhuri (12), 
Mitter (39), and others use the word saltation, while Burgeff (10), 
Caldis and Coons (11), and others use the term variants. Still others 
speak of modifications or ‘“Dauermodifikationen.” Caldis and Coons, 
for example, are of the opinion that the “achromatic variations” which 
they studied in several different fungi “represent semi-permanent vari- 
ations which are different from the parent form somatically rather than 
genetically. These are the dauer-modifications of Jollos <i 
It would seem to be a pertinent question whether mycologists have ged 
these different terms to describe essentially identical phenomena or 
whether the phenomena described under the various terms really were 
different. It is beyond the province of this bulletin, however, to subject 
to critical scrutiny all of the literature dealing with the so-called muta- 
tions in fungi. 

That variations occur in fungi is a fact that even the most scep- 
tically minded probably will accept as a platitude. But what is the 
nature of these variations? Ramsbottom (41), Brown (8, 9), Chris- 
tensen (13), and many others have pointed out that environmental 
factors may profoundly affect the appearance of a fungus. As Rams- 
bottom (41, p. 40) expresses it, “Further investigations, such as those 
of Matruchot thirty years ago, showed that when certain media were 
used a fungus might have its facies so altered that by a systematist 
it would be placed in another genus. It is now one of the best known 
features of culture work that the form of a fungus can be altered in 
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all sorts of ways by the use of different media.” With this statement 
most mycologists will agree heartily and most of them probably will 
agree that these purely temporary variations or modifications are not 
inherited even through vegetative propagation. Fungi may be shocked 
into looking queer by subjecting them to extraordinary stimuli, but 
they ordinarily regain their composure very soon after the stimuli have 
been removed. These ordinary, non-heritable variations certainly do 
not explain what have been called mutations. Possibly these state- 
ments would be so generally accepted as to be superfluous. But there 
still are some students of fungi who apparently believe in “‘educa- 
bility’—the transmission of characters acquired as a result of environ- 
mental influences. 

If fungi are “educable,” many of them are very refractory sub- 
jects. At least that is the judgment of the two authors of this bulletin 
who have tried long and arduously to make fungi appreciate the benefits 
of education. We do not deny that cultures may be so weakened by 
maltreatment that their recuperative powers are taxed somewhat, but 
the pathogenic fungi to which we have tried to give opportuni‘ies for 
leading a different life have refused to do so. We can only conclude 
that the potentialities of fungi, like those of higher organisms, are 
determined by their genes, and the only way in which their potentialities 
can be changed is by changing their genes. Which means that fungi 
are the product of the interaction of genetic and environmental factors, 
just as higher organisms are, and that when heritable changes occur 
they come about as the result of hybridization or mutation. Possibly 
“Dauermodifikationen” may occur, as they apparently do in protozoa, 
but the authors do not believe they are dealing with this type of phe- 
nomenon in U. zeae, altho Goldschmidt (22) seems to be of the opin- 
ion that the preponderance of evidence indicates that “mutations” which 
he observed in U. violacea were of the nature of “Dauermodifikationen.”’ 

Jollos (29) described ‘“Dauermodifikationen” in Paramecium. He 
was able to induce tolerance for arsenic by growing non-tolerant lines 
of Paramecium in a medium containing it. This acquired ability per- 
sisted through many asexual generations, but was lost immediately 
following conjugation and was eventually lost also in vegetatively 
propagated lines after they had been grown for some time on arsenic- 
free media. More persistent ““Dauermodifikationen” were induced by 
calcium salts, inasmuch as the modification, reduction in rate of divi- 
sion, persisted not only through many asexual generations (about nine 
months in some cases), but also through two successive conjugations. 
One line, for example, reverted to normal after the second conjugation, 
but required several months longer for reversion when propagated asex- 
ually. Jollos considers this a case of “Dauermodifikation” also, as he . 
does not believe the germ plasm was changed. His concept of this 
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phenomenon seems to be that a line can adapt itself temporarily to 
certain environmental conditions and retain its acquired ability for 
some time after the removal of the stimulus that brought it about. 
Reversion, loss of the acquired characters, is gradual as long as the 
organism propagates asexually, but it is either immediate or relatively 
rapid when sexual reproduction intervenes. 

Jollos describes also what he considers a true mutation. He ob- 
tained a line of Paramecium comprising individuals that were character- 
istically smaller and more tolerant of high temperatures than the 
parentai line. The new line retained its characteristics for more than 
a year in normal culture and also after repeated conjugations. Jollos 
therefore considers that it is justifiable to consider this a case of true 
mutation, a genotypic change. He thinks there are three categories 
of variations: ordinary modifications, ‘““Dauermodifikationen,” and mu- 
tations. Granting the correctness of his conclusions, the question arises 
as to whether the same type of phenomenon which he describes as 
“Dauermodifikation” occurs in fungi, and whether the so-called salta- 
tions or mutations fall into this category. 

Baur (2, pp. 61-62) suggests that the adaption of many bacteria 
to particuiar animal or plant hosts and the specialization of certain rust 
fungi for certain hosts may possibly be of the nature of ‘“‘Dauermodi- 
fikationen.” The authors are firmly of the opinion that this is not true 
for the rust fungi, as one of them has devoted many years to a study 
of the question and is forced to conclude that physiologic forms of 
rust fungi are remarkably constant, as long as they are propagated 
asexually.’ Uredinial lines of Puccinia graminis, Pers., on which most 
of the studies have been made, are dikaryophytes and may be heterozy- 
gous, but there is no evidence of segregation or chance assortment of 
nuclei; and cultures derived from a single urediniospore are dikaryotic 
clones with certain infective capacities that do not become pe-manently 
modified as a result of host influences. On the other hand, there is very 
strong evidence that the physiologic forms arise by mutation and 
hybridization, altho mutations apparently occur much less frequently 
than in many other fungi. 

The conjugate nuclei in the dikaryophase of Puccinia graminis may 
have different factors for pathogenicity and sex; and the pathogenic 
capabilities of a uredinial line or physiologic form may be the com- 
ponent of the factors in the two nuclei, that probably were derived 
from two haploid lines. In this respect the aecial and uredinial stazes 
of the rust would correspond with the dikaryophkase of U. zeae and 
other smut fungi—with the difference that in the smuts the haplonts 
can propagate independently and the dikaryophytes do not reproduce as 


‘For a brief summary of the evidence and references to the original papers see No. 43 
in the bibliography. 
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such, while in the rusts the haplonts cannot multiply independently, 
and the dikaryophytes can and do propagate independently. The phys- 
iologic forms or parasitic strains of P. graminis, therefore, are clones 
which owe their parasitic peculiarities to two conjugate nuclei contain- 
ing different genes, but all the evidence obtained by the senior author 
and his associates supports the view that the forms differ genotypically 
and not merely phenotypically. These forms may be, and often prob- 
ably are, heterozygous and many types of segregates may result 
after sexual fusion, but that is precisely what is expected. The telio- 
spores are the true diplonts and one may expect the same sort of 
segregation on a teliospore promycelium as on a promycelium of a 
chlamydospore of U. zeae. The authors cannot believe that the forms 
are at all comparable with ‘“Dauermodifikationen,” and they are of 
the opinion that anyone who examines the published evidence or makes 
the experiments will agree. 

Brown (8) was unable to obtain evidence of slow cumulative change 
in Fusarium. The saltations which he described appeared sporadically, 
suddenly, and without any apparent cause. They did appear in greater 
numbers on certain media than on others, but Brown offers a perfectly 
logical explanation for that. The same thing was true of the mutants 
described by the authors for U. zeae. And why should not mutations 
in fungi occur more frequently under some conditions than others? 
The mass of data on mutations induced in higher organisms by X-rays 
and radioactive substances should furnish sufficient supporting evidence, 
if it were needed, that mutation occurs more often under some condi- 
tions than others. But there is a decided difference between the gradual 
and temporary acquisition of a “purposeful” character, as in the case 
of Jollos’ “Dauermodifikationen,” and the sudden appearance of new 
lines that may or may not be better adapted to the conditions under 
which they were produced. 

Caldis and Coons state that nutrients, light and darkness, and re- 
action of substratum were not controlling factors leading to production 
of the fungal variants they studied. Nevertheless they reach the fol- 
lowing conclusions (11, p. 215), “It is the opinion of the writers that 
the variants dealt with in this paper represent rather semi-permanent 
variations which are different from the parent form somatically rather 
than genetically. These are the ‘dauer-modifications’ of Jollos (29), 
which perhaps by drying of the mycelium and lack of nutritional con- 
nection with the substratum, have become changed from the normal. 
With respect to certain attributes they may be looked upon as attenuated 
forms. Instead of being new species they are rather to be looked upon 


as cultures lacking certain physiological powers. They resemble, in 


some respects, the Abkulturs of Fusaria and the so-called attenuated 
cultures of bacteria and fungi. They may have arisen from cells whose 
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protoplasm has been poisoned, or perhaps affected by some unknown 
biological factor, and which are tardy in recuperation until supplied 
with the necessary conditions. This study illustrates that the criteria 
established for proof of the educability of fungi are necessary and 
that what may seem plausible evidence of the establishment of new 
forms in pure cultures needs careful and protracted investigation.” 
This may be the correct explanation for the phenomena observed by 
Caldis and Coons, but it does not seem prebable that it would explain 
some of the new entities of Mucor genevensis described as mutations 
by Blakeslee (3), nor the variants of Phycomyces nitens described by 
Burgeff (10). Blakeslee describes a “dwarf mutant” that lost the 
power to produce sporangia, to produce zygospores hermaphroditically, 
and did not unite sexually with plus and minus races of dioecious 
species. This mutant remained constant from 1913 until 1920, when 
Blakeslee published his statement regarding it. Some of Blakeslee’s 
mutants reverted to the parental type and might be considered by some, 
therefore, as “Dauermodifikationen.” But the suggested explanation 
for reversion given by Burgeff (10) for Phycomyces nitcns and by 
Blakeslee for his Mucors seems more reasonable. Burgeff considers 
that mutation affects only some of the nuclei in Phycomyeces, which is 
multinucleate. He calls these variants mixochimeras, in which the 
more rapid division of normal nuclei would account for reversions. 
Blakeslee thinks that his reverting mutants also may be mixochimeras. 

What we have called mutations in U. zeae conceivably might be due 
to one of the following: (1) ordinary variation or modification; (2) 
“Dauermodifikation”; (3) mutation; (4) the isolation of individual 
lines from a mixed population; (5) the chance assortment of nuclei in 
the budding of possibly heterokaryotic sporidia; (6) ordinary sezre- 
gation; (7) extraordinary segregation. That they are not ordinary 
modifications is perfectly clear from the fact that the characters of the 
new lines are long persistent. The authors do not believe that their 
mutations are analogous to Jollos’ “Dauermodifikationen,” because there 
is no gradual fixing of certain characters as a result of certain stimuli, 
followed by loss of the characters when the stimuli are removed. The 
new lines arise suddenly, sporadically, frequently in some lines, seldom 
in others. The new characters are persistent but may or may not enable 
the organism better to adjust itself to certain conditions. Very often 


factors for rate of growth, color, sex, pathogenicity, etc., seem to be 


lost, but in other cases there seems to be a gain. Possibly the authors 
are using “Dauermodifikation” in a too narrow sense, but, as they under- 
stand it, the essence of the concept is that it is a modification induced 
by definite environmental stimulus, that the modification persists for a 
limited time after the stimulus is removed and then is gradually lost 
if the organism multiplies asexually, and suddenly lost in sexual repro- 
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duction. The change is presumed to be in the cytoplasm, and possibly 
to a lesser extent in the nucleus. In the case of U. zeae the change 
often is in the nucleus, as the new lines may be quite different from 
their parents in sexual powers. Neither the cause of the change nor 
the nature of the change in U. zeae seems analogous to that which Jollos 
observed in Paramecium. 

If it will be agreed that the preponderance of evidence is against 
the probability that the new lines of U. zeae are either ordinary modi- 
fications or “Dauermodifikationen,” there remain the possibilities that 
they are merely lines isolated from a mixed population, or that they 
are segregates. As the changes occur in great numbers in monospori- 
dial lines, the possibility of isolation from an originally mixed popula- 
tion is ruled out. Before considering the other two possibilities it 
may be well to review what is known abou: the nuclear phenomena in 
U. zeae. 

The chlamydospore nucleus typically is the result of karyogamy. 
It is a fusion nucleus, and is therefore diploid. On germination the 
spore produces a promycelium, and the diploid nucleus undergoes di- 
vision. A second division occurs, resulting in the formation of four 
nuclei which become distributed in the promycelium. Usually three 
septa are then laid down, resulting in the formation of a four-celled 
promycelium, each cell of which contains one nucleus. Four sporidia 
then form, one on each cell of the promycelium. During this process 
the nucleus in the promycelial cell again divides, one daughter nucleus 
going into the sporidium and one remaining in the promycelial cell, 
which can, therefore, produce successive crops of sporidia. The spo- 
ridia are typically uninucieate. It has been shown by Hanna (24) 
that two of the sporidia usually are of one sex and two of another, 
altho sometimes they may belong to four sexual groups. Furthermore, 
the individual sporidia on the promycelium may produce colonies of 
different color and type of growth; hence there has been segregation 
of factors for sex, for color, and for type of growth, in one or both 
of the nuclear divisions in the promycelium. That is, reduction division 
has occurred. The sporidia, then, are haplonts, potential gametes; and 
monosporidial lines are haploid or gametic clones, as in most other 
Ustilaginaceae (34). That this probably is true is indicated by the 
fact that a number of times the authors have isolated several sporidia 
from monosporidial lines and compared them in respect to cultural 
characters and sex. The resulting lines behaved alike. 

If monosporidial Jines are in reality gametic clones it would be 
justifiable to consider the variant sectors that arise in colonies of these 


clones as true mutations, provided they result from a genotypic change. 
The authors think they do, as the general cultural and physiological 
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characters are constant—except as they may again change suddenly, 
presumably as a result of mutation. And, what is more important, 
the changes evidently affect the nucleus—the germ plasm, as is indicated 
by changes in sexuality. There is evidence, also presented in this paper, 
that at least some mutant characters, type of growth for example, persist 
through the sexual stage. Therefore it would seem that the criteria 
for mutation have been satisfied reasonably well. The authors freely 
admit that nothing is known about chromosomal behavior, if indeed 
definitely organized chromosomes exist; hence the evidence for reduc- 
tion division in the promycelium is necessarily circumstantial. Pos- 
sibly there is segregation of some kind in the process of budding of 
sporidia in sporidial cultures or in cell division in mycelial cultures, 
but, if there is, it would seem to be unusual, as only a very few indi- 
vidual sporidia or mycelial cells in proportion to the enormous number 
in a colony differ from the rest. The authors admit, also, the possi- 
bility of heterokaryosis, altho the sporidia appear to be characteristically 
uninucleate and to arise from uninucleate cells of the promycelium.® 
An explanation of the appearance of sectors on this basis would appear 
to be rather far-fetched in a fungus like U. zeae with its rather definite 
alternation of haploid, dikaryo, and diploid phases. The possible va- 
lidity of such an explanation for the appearance of so-called mutants 
would seem to be greater in the case of fungi whose cells are typically 
multinucleate. If the so-called mutations in U. zeae are not due to gene 
changes or chromosomal aberrations, it seems more probable that they 
are due to some sort of unknown segregation. 

The authors consider the evidence good, however, that changes, 
heritable both through asexual propagation and sexual reproduction, 
occur in gametic clones of U. seae; that the changes are not due to 
segregation; and therefore are mutations. 


SIGNIFICANCE OF MUTATION 


Ustilago zeae comprises an indefinite number of haploid lines differ- 
ing from each other in many characters. There seems to be no good 
reason why these lines should not be considered physiologic forms, as 
some of the most conspicuous differences between them involve physio- 
logic characters. The authors are not disposed to urge the acceptance 
of this viewpoint, however; possibly it is just as well to use the term 
“line.” Most of these lines are unisexual; hence hybridization is pre- 
requisite to normal infection, except occasionally, as shown in Part II. 

S Since the manuscript was written M. B. Moore and J. M. Walter have made an exten- 
sive study of the nuclear condition in several monosporidial lines. The sporidia and hyphal 
cells were almost universally uninucleate. The very few sporidia in which there were two 


nuclei were budding or about to bud. The senior author studied the slides thoroly and is 
convinced that the sporidia and hyphal cells in the lines studied are definitely uninucleate. 
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As the unisexual lines are very numerous and differ in many characters, 
large numbers of new genotypes may result from hybridization. Add 
to this the fact that mutation is so common, and it is not surprising 
that there are so many lines. 

U. seae seems to be extraordinarily variable and mutable. Most 
of the other smut fungi investigated seem to be far less mutable. 
Despite the enormous amount of work done with U. violacea, very few 
mutations have been recorded for this species. And, in extensive 
experiments with U. tritici, U. nuda, U. hordei, U. levis, and U. avenae, 
Rodenhiser (42) observed mutation only in U. horde and U. avenae, 
and rather rarely in them. 

The ex reme variability and mutability of U. seae is interesting in 
itself and emphasizes the statements of Leonian (36) and Brown (9) 
regarding the caution necessary in creating taxonomic systems of fungi 
that vary and mutate extensively. It seems probable that some of the 
peculiar behavior attributed to fungi in culture, loss of virulence for 
example, may often be due to mutation, or, if one prefers a more non- 
committal statement, to the production of variants or saltants. Muta- 
tion seems also to be significant in the broader aspects of the problem 
of pathogenicity in U. zeae. 

The fact that some mutants are adapted to growing well at a wide 
range of temperature suggests one way in which mutation may be im- 
portant in epidemiology. Those lines that tolerate wide extremes of 
temperature are likely to be most prevalent. Under certain conditions 
they may develop well, while those lines with more rigidly fixed tem- 
perature requirements may develop very poorly or not at all. Tem- 
perature, then, may determine the prevalence of certain lines in difter- 
ent regions or in the same region in certain seasons. 

Mutation may result in the development of lines with different 
physiologic and sex factors, and there is strong evidence that the lines 
differ in pathogenicity. The corn smut pathogene, therefore, comprises 
a large number of parasi‘ic strains. The possible implications of this 
fact in the control of the disease by immunization are quite obvious. 
Christensen and Stakman (15) already have called attention to this 
fact. Much more work must be done to determine the pathogenic 
capabilities of combinations of mutant lines of U. zeae and of the nature 
of resistance in corn before final conclusions can be drawn. We know, 
however, that there are numerous parasitic strains, that new ones are 
being produced by mutation and hybridization, and that these facts 
may have important practical implications, but how important must 
be determined by future investigations. 
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SUMMARY 


1. Ustilago zeae comprises an indefinite number of monosporidial 
or haploid lines that differ from each other in so many physiologic 
characters other than sex that they might well be considered physio- 
logic forms. 

2. Numerous sectors arise in cultures of most monosporidial lines 
of U. zeae. “Patch mutants” also may occur, but less frequently than 
sectors. 

3. Some lines mutate abundantly, while others seem to do so rarely. 
From one line the authors isolated, within a year, 220 mutants, 162 of 
which were different. From another line 70 were obtained. A few 
lines have never been observed to mutate; others have been grown in 
culture for long periods of time without mutating; then they suddenly 
began to mutate. 

4. Mutants may differ from their parents in type of growth, con- 
sistency of colonies, direction of growth, size of colonies, elevation, 
color, and surface characters of colonies. 

5. Mutation often affects physiologic characters. Some of the out- 
standing physiologic differences between mutants were: ability to liquefy 
gelatin, digestion of casein, reduction of nitrates and iodine, and rate 
of growth at ditferent temperatures. 

6. The morphology of sporidia of different mutant lines may be 
different. 

7. Pathogenicity and sex are closely interrelated in U. zeae. The 
pathogene seems to be predominantly heterothallic, the fusion of lines 
of opposite sex usualiy being prerequisite to infection. Therefore, the 
pathogenicity of combinations of lines only can be studied in most cases, 
altho it is shown in Part II of this bulletin that some monosporidial 
lines can cause infection alone. 

8. It is not known to what extent pathogenicity is a function of 
sex factors and to what extent of physiologic factors. That it is 
no‘ a function of sex only is indicated by the fact that certain lines 
may unite to form chlamydospores without producing large galls, while 
others may produce large galls. 

9. Mutations in sex occur. Some mutants seem to have lost com- 
pletely the sex factors that enable their parents to unite with other lines. 

10. Many mutants seem to have lost factors for pathogenicity 
while others seem to, be more virulent than the immediate parent. 

11. Nutrients and temperature appear to affect the rate of muta- 
tion. In a series of experiments on the effect of nutrients, no mutants 
were observed on sugar media nor on sugar media plus MgSO, or 
phosphates. One appeared on plain water agar, a few on peptone- 
dextrose agar, and a considerable number on sugar media plus nitrates. 


64 MINNESOTA TECHNICAL BULLETIN 65 


The largest number of mutants appeared in cultures grown at fairly 
high temperatures. 

12. There seems to be good evidence that what the authors have 
designated mutations are in fact true mutations. The variant sectors 
or patches arise in monosporidial lines, which appear to be haploid 
clones; the new characters persist through asexual propagation, and 
there is evidence that at least some of them persist through sexual 
fusions. The change, therefore, appears to be genotypic. 

13. The results with U. scae suggest that some of the remarkable 
variability attributed to fungi in culture, loss of virulence, change in 
sex, and loss of sporulating ability, for example, often may be due to 
unobserved mutations. 

14. Mutation would seem to be very important in the corn smut 
problem, especially in epidemiology and breeding for smut resistance. 
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PAs Rye 
How Mutants Arise 


A. Minn. A, a monosporidial line on potato-dextrose-ma:t agar. Mutants 
mostly appearing as wedge-shaped or fan-shaped sectors. One patch mutant near 
the upper left of the colony. Note difference in size, color, and type of growth 
of the different mutants. It is noteworthy that some of the mutants are much 
darker in color than the parent colony, while-others are much lighter. 

B. W. Va. A8-5-1, a mutant derived from W. Va. A8, on potato-dextrose 
agar. In addition to the varied assortment of fan-shaped mutants, there are patch 
mutants near the center of the colony. 


PRATRE LT 
Cultural Differences between Mutants and Their Parent 


Minn. A and seven of its mutant lines on potato-dextrose-sucrose-malt agar. 
Note the range in color, topography, and marginal characters among the mutants. 
Some of the mutants are decidedly darker in color than the parent. Note also 
the counter-clockwise growth near the margin of Minn. A7. 
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sucrose agar. Note counter-clockwise direction of growth 
ferences between these three mutants are typical of those | 
- derivatives obtained from Minn. A. 


PLAGE 1h 


Cultural differences between three mutants from Minn. A 
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PLATE 11 
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PUA ES IVs 


Eight mutants derived from W. Va. A8, grown under uniform conditions. 
Note the range of color, topography, zonation, and type of growth. All of the 
mutants had appeared a year or more previous to the time the photograph was 
taken, and had retained their distinctive characters on many kinds of media and 
under many different sets of environmental conditions. Note the decided differ- 
ences between mutant lines of A8-5, which produced so large a number of the 
mutants whose origin is shown in Figure I. 
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Wig A.8-/-/ WV A 8-F:3-2-5 


PLATE V 


The differential ability of mutant lines of W. Va. 
indicated by clear zone around colonies growing on mi 
of digestion indicated by white area. The photograph | 
bottom of the flask; therefore the white phen looks da 
the cleared area appears white, 
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Mutants W. Va. A8-3-1, A8-1-1, and A8-5-3-1 
adding iodine to medium containing KNO,. Iodine ad 
It is evident that mutants differ decidedly in rate of 
that they differ greatly in physiologic characters. 
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Effect of Temperature on Rate of Growth of - 
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PLATE VIII 


Effect of Medium on the Appearance of Colonies of a Single Mutant Line, 
Minn. A3-1-2 


P. A.=potato-extract agar; P. D. A.=potato-extract agar +3 per cent 
dextrose; P.A.+ 1 per cent glycerine = potato-extract agar +1 per cent 
glycerine. 

While the appearance of the colonies cn the different media is entirely differ- 
ent, it is evident that certain characters tend to remain constant. Certain points 
of resemblance are apparent on close examination of the colonies, especially those 
on potato-glycerine agar and potato agar. In general, there are wide variations 
in the appearance of a single monosporidial line grown on different media. 


PLATE VIII 


GAG EEX 
Effect of Temperature on the Appearance of Colonies of Mutant Lines 


Four mutant lines of W. Va. A8 grown at 18° and 26° C. The mutant in 
upper left-hand corner was photographed at 10° C. in order to show more clearly 
the cuplike structure in the center, but unfortunately the photograph did not bring 
it out. 

Note the absence of zonation in W. Va. A8-5-4 at 18° C., also the difference 
in color from that of the colony grown at 26°. Note also the difference in topog- 
raphy and zonation of the two colonies of W. Va. A8-5-7-1 at the two 
temperatures. 
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PLATE X 
Persistence of Cultural Characters 


Duplicate colonies of four mutant lines of W. Va. A8 showing cultural 
characters that have persisted since the lines were isolated; the radial folds and 
color zones of A8-3-1; the characteristic topography and radial furrows near the 
margin of A8-5-1; the decided topographic and color zones of A8-5-4. Note the 
similarity of A8-5-1 and A8-5-5, but note also the slight but distinct differences. 
The permanence of cultural characters such as these is cne of the facts that 
convince the writers that what they have called mutants are the result of genotypic 
changes. 
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Part II. Hybridization 
J. J. CurisTENsEN! 


INTRODUCTION 


Stakman and Christensen (10), Hanna (6), and Eddins (3) have 
shown that Ustilago zeae, like most other smut fungi investigated 
(8, 9), is usually heterothallic. This means that the fusion of two 
monosporidial lines of opposite sex usually is prerequisite to normal 
infection and production of chlamydospores in the smut galls on corn 
plants. The sporidia are haplonts; they are potential gametes. Mono- 
sporidial, that is, gametic, lines propagate by budding, by growth of 
haploid mycelium, or by both methods—in nature and in nutrient media ; 
hence it is possible to study the characters of gametic lines in culture. 
The results of such studies are reported in Part I, where it is shown 
that gametic lines may differ from each other in many characters o‘her 
than sex and that numerous new lines arise by mutation. It is desir- 
able to know, also, to what extent new lines arise as a result of hybridi- 
zation. For this reason crosses were made between monosporidial lines 
and a study was made of lines derived from the sporidia produced on 
the promycelia of the resulting chlamydospores. 


ARE THERE “GEOGRAPHIC STRAINS”? 


Hanna (6) showed that promycelia of U. zeae might be either bi- 
sexual or quadrisexual, i.e., the 4 primary sporidia might belong to 2 
or to 4 sexual groups. In this respect U. zeae is similar to many of the 
gill fungi, in which the 4 basidiospores on a basidium may belong either 
to 2 or to 4 sexual groups. But Kniep (7), Hanna (5), and Vanden- 
dries (11) showed that there are “geographical strains” in Schizo- 
phyllum commune, Coprinus lagopus, and C. micaceus, respectively. 
For example, according to Hanna (5), the basidiospores of’ any indi- 
vidual fruiting body of C. lagopus belong to 4 sexual groups only, and 
the mycelia from these 4 spores also would belong to 4 sexual groups. 
When, however, pairings were made between 11 mycelia derived from 
one wild fruiting body and 11 from another, there was complete fer- 
tility between them. In 6 fruiting bodies studied in this manner there 
were 24 distinct sexual groups instead of the 4 which might be expected. 
Kniep already had shown that, while the spores of individual fruiting 
bodies of Schizophyllum commune belong to 4 sexual groups, there was 
complete interfertility between different mycelia of monosporous origin 
derived from fruiting bodies collected at some distance from each other. 
Vandendries (11) obtained similar results with two wild fruiting bodies 


_ +The writer is indebted to Dr. E. C. Stakman for help in the preparation and arrange- 
ment of material. 
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of Panaeolus campanulatus. He found, on the other hand (12), a high 
degree of intersterility between some strains of Coprinus micaceus. 

Stakman and Christensen (10) showed in the case of U. zeae that 
normal infection might result from inoculating corn with paired lines 
of different sex from the same locality and also from widely separated 
geographic regions. For example, monosporidial lines from New 
Hampshire, Mississippi, and Canada produced normal galls when paired 
with monosporidial lines from Minnesota, and different lines from Min- 
nesota also paired with each other. Later, Hanna (6) successfully 
crossed monosporidial lines from Italy with some from Minnesota, and 
showed that the sexual groups of the Minnesota collection apparently 
were identical with those of the Italian collection. 

During 1928 and 1929 further experiments of this nature were 
made. Minn. E and Minn. F, two lines of opposite sex isolated from 
material collected at University Farm, St. Paul, Minnesota, were paired 
with 18 monosporidial lines, all culturally different, obtained from sev- 
eral different countries. Results are summarized in Table I. It will 
be seen that all of the lines paired successfully with either Minn. E. 
or Minn. F. There were differences in the virulence of the various 
combinations, but the results are not recorded here. It is evident, 
however, that lines from widely separated regions and those from the 
same region may or may not hybridize. There is no evidence either 
of complete interfertility or intersterility. Each line tried, regard- 
less of its origin, united either with Minn. E or with Minn. F but | 
not with both. 


TABLE, I 
Resutts oF INocuLATING GOLDEN BANTAM CoRN wiITH MownosporipIAL LiNEs oF Ustilago 
zeae FROM DIFFERENT GEOGRAPHIC REGIONS IN COMBINATION WITH MINN. 
E anp Minn. F, Two Lines oF Opposite SEX 


Lines and gall formation* 
Lines Minn. E Minn. F 
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USTILAGO ZEAE Ol 


TERMINOLOGY 


Monosporidial lines of U. zeae are characteristically haploid. When 
two lines of opposite sex are grown together on artificial media their 
mycelia or sporidia may intermingle, but apparently do not fuse (6, 10). 
When, however, they are inoculated into corn plants, haploid hyphae of 
opposite sex fuse, the nucleus from each haploid hypha passing into the 
fusion cell, which then would contain two nuclei of opposite sex. These 
nuclei do not fuse at once but remain associated and divide conjugately, 
so that each cell of the resulting mycelium, the dikaryophase, is bi- 
nucleate. Plasmogamy has therefore occurred, but karyogamy is de- 
layed until the chlamydospores are formed, when the two nuclei of each 
spore-mother cell fuse, thus giving rise to the true diplophase. The 
chlamydospore nucleus is a fusion nucleus; therefore the spores are 
zygotes. On germination the chlamydospores produce a promycelium, 
the fusion nucleus divides, the two daughter nuclei in turn divide, thus 
resulting in the formation of four nuclei, one for each cell of the typi- 
cally four-celled promycetium. A primary sporidium is then formed 
on each cell of the promycelium, each nucleus again divides, one from 
each cell passing into the sporidium, and one remaining in the pro- 
mycelial ceil. As reduction division occurs in the promycelium (6), 
the sporidia are haplonts. They are functional gametes that can propa- 
gate asexually, making it possible to study the characters of gametic 
lines. 
When crosses are made between gametic lines of opposite sex, then, 
the immediate result is the dikaryophase, followed by the true diplo- 
phase, which in turn gives rise to the haploid phase. How are these 
phases to be interpreted genetically? Clearly the sporidia or mycelia 
of monosporidial lines are, at least partly, gametic in nature. Possibly 
in the strictest sense the gametes are the haploid nuclei, altho the spo- 
ridia may equally well be considered as gametes. But what about the 
dikaryophase; is it unique in the fungi, or is it approximately equiva- 
lent to part of the F, generation in higher plants? The answer depends 
on one’s interpretation of the essential criteria of the diploid condition. 
Some mycologists consider that the dikaryophase is essentially equiva- 
lent to the diplophase because of the well-established fact that the two 
nuclei clearly influence the morphology, growth, and pathogenicity of 
the hyphae. WHaploid hyphae, containing nuclei of one sex only, are 
usually rather fine, in the host plant, and normally cannot grow exten- 
sively in the tissues. When nuclei of opposite sex are associated in 
the hyphae, however, the hyphae are large, often grow vigorously, and 
_are distinctly pathogenic. Consequently there seems to be some justifi- 
‘cation for the argument that conjugate nuclei exert approximately the 

same sort of effect on the hyphae as do fusion nuclei. If it is agreed 
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that there is no essential difference between the dikaryophase and 
the diplophase, the first fusion cell is the zygote and the F, genera- 
tion begins with the growth of the mycelium from that cell. The F, 
would then include the mycelium in the corn tissues, the chlamydospore, 
and the promycelium, where gametogenesis—the production of sporidia, 
or, if one prefers, of the haploid nuclei—occurs. If the essential iden- 
tity of the dikaryophase and true diplophase is denied, the chlamydo- 
spores are zygotes, the F, is restricted to the promycelium, and the 
dikaryophase has no real counterpart in higher plants. In either case 
the sporidia are the F, gametes, unless the haploid nuclei, only, are 
considered as gametes. Cultures derived from single sporidia following 
a cross are designated in this paper as F, gametic lines (or merely as 
f, lines), for they really are gametic lines whether the entire sporidium 
or its nucleus, only, is considered as the true gamete. For convenience, 
the monosporidial lines used in making the crosses are designated par- 
ents or parental lines (p,). In reality they are the parental gametes, 
but it may be permissible to refer to them as parents because it simpli- 
fies the terminology. 


CROSSES MADE FOR STUDY OF f, LINES 


The following crosses were made: Minn. A13 x Minn. F; Minn. 
A13 x Minn. D; Minn. A13 x Canada A; Minn. A x Canada A; Minn. 
Ar2 x Minn. D; and, Minn. A x Minn. F. Minn. A, Minn. D, and 
Minn. F originated from material collected at University Farm, St. 
Paul, Minnesota, Minn. A and Minn. D having been isolated from the 
same promycelium. Minn. Ar2 and Minn. Ar3 are sister mutants 
from Minn. A. Canada A was derived from a smut gall obtained from 
Canada. For convenience, the sporidia were numbered in succession 
as they were obtained from germinating chlamydospores resulting from 
a given cross. Thus, Minn. D x Minn. A1r3.2 refers to the second 
sporidium isolated from cross Minn. D x Minn. A13. The crosses 


were made by mixing liquid cultures of the monosporidial lines and 


injecting the mixture into the corn plants with a hypodermic syringe. 
The method was essentially that described by Stakman and Christen; 
sen (10). 

The sporidia were not taken directly from the promycelia. Instead, 


the chlamydospores were sown on agar media and, after they had germi-_ 


nated and produced sporidia, isolations were made from various places 


in order to obtain sporidia from as many different chlamydospores as — 


possible. In all, 102 individual sporidia were isolated from the 6 


crosses. The individual sporidia were first placed in Van Tieghem 


cells and, after they had multiplied sufficiently, transfers were made 
to agar slants and allowed to develop for 3 or 4 days. Transfers were 
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then made to a series of triplicate flasks containing 30 cc. of Difco 
potato-dextrose agar. These cultures then were used for comparative 
tests. The crosses are indicated in the usual manner and the f, 
(monosporidial) lines from each cross are numbered serially. Thus, 
Minn. A13 x Minn. F.6 indicates the monosporidial line obtained from 
the sixth sporidium isolated from germinating chlamydospores resulting 
from the cross Minn. A13 x Minn. F. When single sporidia were 
isolated from a monosporidial line such as Minn. A13 x Minn. F.6, 
the lines were designated in the same manner. Thus, Minn. Ar3 x 
Minn. F.6.1 indicates the first monosporidial line isolated from the 
sixth monosporidial line from cross Minn. A13 x Minn. F. 


CHARACTERS OF f, LINES 


Sexual Characters’ 


Heretofore there has been evidence oi four sex groups in U. zeae. 
Stakman and Christensen (10) found only two, while Hauna (6) 
found that the four sporidia on certain promycelia fell into two sexual 
groups, and those on others belonged to four groups. In the first case 
the results indicated that difference in sex was due to a single factor 
difference while in the second, at least two factor pairs were involved. 
In the present work the author made a large number of crosses in 
order to determine the pathogenic capabilities of different combinations 
of lines. As pathogenicity depends so largely on sexual reactions be- 
tween different lines, an attempt was made to find out how many 
sexual groups there were among the F, gametes from crosses. The 
results are given in Tables II, III, and IV. 

In Table II are recorded the results of pairing 13 f, lines from 
Minn. Ar3 x Minn. F with the parents and with 3 other monosporidial 
lines. There are at least 5 sexual groups among the 13 f, lines, on 
the basis of their ability to form chlamydospores when paired with 
other lines. Lines 5, 8, 7, and 10 appear to be identical sexually with 
Minn. A1r3, while line 2 is like Minn. F. Lines 3 and 13 did not unite 
with either parent, but each united with one of the testers, and lines 1, 
4, 6, 9, 11, and 12 failed to unite with any of the lines with which they 
were mated.* Minn. F and A13 x F.2 both formed a virulent combina- 
tion with Minn. A, but were less virulent with its mutant A1r3, while 
' 2The writer has used as a criterion of sex differences the ability of lines to produce 
chlamydospores in the host plant. If two lines do not produce chlamydospores, they are con- 
sidered to be of the same sex. It is conceivable, of course, that such lines may produce 
‘dikaryophytes which cannot grow in the corn tissues because of the absence of necessary 
factors for pathogenicity. There is strong evidence, however, including microscopic studies, 
indicating that this is not true. 

-8Tt was found subsequently that lines 1 and 6 both united with line 9, but 1 and 6 did 
not unite; hence 1 and’ 6 appear to belong to one sexual group and 9g to another. In the 


discussion of Table II, however, conclusions are based only on data available when the table 
was prepared. 
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A13 x F.3 united readily with A, but not at all with Ar3. It will be 
noted also that lines 5 and 8, like A13, produced only light infection 
with Minn. F, but 7 and 10 caused heavy infection with this line. It is 
a question whether the differences in degree of infection are due to sex 
factors or to distinct factors for pathogenicity. If they are due to the 


former, there are six sexual groups instead of five, but, for reasons. 


given later, the author has used as a criterion of sex differences only 
the ability to form chlamydospores, altho recognizing the possibility 
that degree of infection also may be an indication of them. 


TABLE II 


Resutts oF InocuLaTinG GOLDEN BANTAM AND MINN. 13 CorN IN THE GREENHOUSE WITH f; 
Lines FRom Minn. Ar3 x Minn. F. 1n COMBINATION WITH THE 
PaRENTS AND WITH Minn, A, Minn. B, anp Minn. D. 


Parents and Lines and infection Lines and degree of infection* 
f; lines RC B D A. Are B D 
A13 3 os ar et a = = L H H 
A13x F.5 = = ae te = = = L H H 
do 8 - = ae ali == = = L H H 
doy 7, = = == a ate = — H H H 
do to _ = ae ae + — — H H H 
1p a> = = = _ H Ie = 2 = 
AiyjxF2 4 ! HL 
domes oF = ~ - _ H = a ze = 
do 13 == = = = + —s ee pe iis VL 
do; 2 
do 4 
do 6 — _ — — — = = = oe = 
do 9 — = = = 
do ir a A 
do 12 = = = = = as 
* +. = infection; — = no infection; H = heavy infection; L = light infection; VL = 


very light infection. 


Table III summarizes the results of pairing thirteen f, lines from 
Minn. A12 x Minn. D with the parents and, to some extent, with each 
other. To the right of the table the lines are grouped according to their 
sexual reactions with the parents. Lines 4, 8, 10, and 13 are like A12 
in that they combine with D and not with A12; lines 5, 6, 9, and 12 
are like D, as they combine with A12 but not with D; and 1, 2, 3, 7, 


and 11 fail to combine with either ‘parent. With respect to their re-_ 
actions with the two parents, therefore, there appear to be only three — 


sexual groups. But an examination of the complete table shows that 
there are at least nine groups. Only 8 and 13 are like A12, and 5 only 


is like D. Lines 1, 2, 3, 7, and 11 appear identical when mated with — 


the parents only, but, on the basis of their reactions with other lines, 


it is clear that they are different, with the possible exception of 3, which 


was dropped from consideration because it was mated with the parents 
only. There apparently are at least nine sexual groups on the basis of 
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the pairings that were made. In addition to those lines that appear to 
be identical with the parents, 4 and Io seem to be alike, and 6 and g are 
alike on the basis of the matings made. Line 12 is like 6, but not like 9, 
which is assumed to be identical with 6. Whichever combination is 
assumed, the total number of groups is not changed. All possible com- 
binations were not made; had they been, it is possible that still more 
sexual groups could have been demonstrated. 


TABLE III 


Resutts oF Inocutat1nc GoLpEN BANTAM AND MINN. 13 CorN witH f,; LINES FROM MINN. 
Ar2 x Minn. D witH THE PARENTS AND WITH EacH OTHER 


Lines and infection* 


Lines AizxD. 
DoD rome s Al fh 6 7 8 fo) 6 TO) “Er (r2: 13 Group A127 D 
Par- Ate 8 tS = = ee HO + i 1 Ar2 — + 
ents Pe aie ae bi Sa 
I —_- — o — o-—- — — + o — o — (0) to) 3 8 — + 
2 —- -—- — (0) o 4 ° + ) to) 4 1 — + 
3 —- = fo) to) fe) te) fo) (a) fe) (0) (c) fo) to) (Cm as 13 — + 
i ein 0) |! SO tr o 5 Dae 
J SRS SSS Sey ay a aa oe Omens Sha 
At2xD. 6 + —- — — 070 to) OV) 4) o — o + Oro 6 6+ — 
7 a fo) fo) (0) o — to) o — to) 7 9 + — 
8 —- + to) o © — + CG mie (0) o + o — + fo) I 2+ — 
ET ee ae ee ee ae 
10 — + o + o — + (a) o o + o-—- — to) 5 2- — 
av - —- — + o-— — + o—- + — o + — 8 3 0- - 
12 + — to) fo) to) to) + + o + 9 7 —- = 
13 — + fa) fo) fo) fo) fe) te) ° o + o — + to) I 1 — — 

* + = infection; — = no infection: 0 = no test. 


7 Lines grouped according to reaction with parents. 


Here again, as in Table II, only the production of chlamydospores 
is considered in determining the number of sexual groups. If the 
degree of infection also were considered, lines 8 and 13 would be 
classed as different, as 13 formed less virulent combinations with Minn. 
D and with Ar2 x D.12 than did 8. 

During the winter of 1928-29 inoculations were made in the green- 
house with lines from Minn. Ai3 x Minn. D. The results indicated 
that there were many sexual groups, and that some lines caused infec- 
tion when inoculated singly into corn plants. Consequently, it was 
deemed advisable to make a more extensive test in the field. In the 
summer of 1929, therefore, the combinations indicated in Table IV 
were made. ‘Thirty-one f, lines from Minn. A13 x Minn. D were 
paired with the parents; with certain other f, lines from the same 
cross; with Minn. F; with two f, lines from Minn. A1r3 x Minn. F; 
and with Minn. A6-1, which, like Minn. Ar3 is a mutant of Minn. A. 
Certain combinations also were made between the testers. In addition, 
each line was inoculated singly into corn plants. For each combination 
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25 to 40 plants, each, of normal Golden Bantam and Gehu corn, 8 to 12 
inches tall, were inoculated. Ample checks, which remained uninfected, 
were injected with sterile nutrient solution. In addition, the inocula- 
tions with unpaired lines actually served as checks. The results are 
summarized in Table IV. 


TABLE IV 


Resutts oF InocuLatinc GoLpEN BanTAM AND GEHU CoRN IN THE FIELD WITH f;, LINES 
From Minn. Ar3 x Minn. D, with Srmirar Lines From Minn. Ar3 
x Minn. F, anp witH Certain OTHER LinEs oF Ustilago zeae, 
IN COMBINATIONS WITH ONE ANOTHER 


Lines and infection* 


© a Sie 
f; lines Minn. Ar3 x Minn. D. we & 4 q{€ A sg Groupt 
fh 8) (see 
We meee gs iat 
I 4 4 47 10 22:25 30 31 4 < Bo SS eo 
Minn. A13 32 = == I 
x 31 ar = 2 
Minn.D. 30 — a7 ------ 3 
CN st i act 1 = ane? 4 
6 — — — =—- — + = - - - = 
i he Fag et ee ace te SS 5 
9 -—- =—- = = + = 6 
26 = == — eee 
i == ote = Sr 7 
eS ok Wa al a = Se 
5 SS oS SS See 
Wf Bie ote SS 
21 t Se 
28 — — —' — o + ai - - = 
3 = — 175i 8 
le Rikers ete Nee BSc a: eae? 
18 JG al a 
Wap a SS Sita _ 10 
13 Fi ai = = Se 
BE i = Sh pte 
Bb Ee 8 i a a a a ES 
25 ais = i 
zo + + ah = = 14 
PEDO et es +t ae SO 
i a Mi hsm Ee SR LS 
LG a) te ests tee te Sue — — 16 
27 te faut = | = nA 
Si ae 3 “if = = + -— = 28 
6 + a i en EE RO es ed |G) 
9-9 (te sae 80s Fae aE Sk so: ol Om mes 
LO. Put The Gah a 100) 08 ST) Ce OM ee 
A13 x F.6 + a 0 = See eee 7 
A13 x F.9 PS SSS SS ae _ 20 
Minn. A6-1 = Ss 2 S| =] + = + © =) |] Saar 
Minn. Ar3 _ — ade, | as 
Minn. D —- = -— + a a a 
Minn. F = SE SSS, SS rs 
* + = infection; — = no infection; o = no test. 


+ Results of inoculations with unpaired lines. 
+ Based on reactions indicated in horizontal columns only. 


- 
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It will be seen from Table IV that the 31 f, lines from Ar3 x D, 
listed vertically, fall into 19 groups on the basis of their reactions with 
the lines listed horizontally. Two lines, 17 and 18, appear to be identi- 
cal with A13; line 18 may be, but 17 is not because A13 combines with 
11, and 17 does not (compare vertical columns in the table). None of 
the lines are like Minn. D, the other parent. The groupings, indicated 
in Table IV, do not necessarily bring together identical lines, as shown 
by the apparent but not real identity of 17 and Ar3 when the hori- 
zontal columns only are considered. Again, lines 4 and 16 combined 
with only one of the lines listed horizontally and appear to be the same, 
but in reading the table vertically it is evident that line 4 combines with 
lines 8, 12, 13, 15, 20, 22, and 27. As line 16 was not paired with all 
of the lines listed vertically, there is no way of knowing whether it 
belongs to the same group as 4. Had all possible combinations been 
made, additional sexual groups probably would have become evident. 
In any case, the minimum number of sexual groups resulting from 
A13 x D is 19, including the group that cause infection singly. There 
appear, therefore, to be multiple factors for sex. 

A13 x D.6, 9, and Io caused infection when injected singly into 
corn plants. As the degree of infection was no weaker when these 
lines were used alone than when they were combined with other tines, 
it seems likely that they did not unite with them sexually. It is not 
known whether these lines satisfy the criteria for true homothallism, 
i.e., bisexuality. They may complete their life cycle in the haplophase ; 
or possibly the nucleus in the sporidia of these lines is diploid; the 
fusion nucleus in the chlamydospores may not have undergone reduction 
division. If so, the lines are merely parthenogenetic. A study of their 
cytology is now under way. 

There were decided differences in the degree of infection caused 
by the different combinations of lines. All combinations with line 11 
were very weak pathogenically, incipient galls only being produced 
with lines 22 and 25, very light infection resulting with Minn. F and 
lines 19 and 30, and light infection with Minn. A13. Line 1 caused 
heavy infection in combination with six lines, and very light infection 
with one. Again, line 27 caused heavy infection in combination with 
three lines and very light infection with three others. The results indi- 
cate that there are multiple factors for pathogenicity as well as for sex. 


Further Experiments with Lines That Caused Infection Singly 


As it appeared from the previous experiments that Minn. A13 x 
Minn. D.6, 9, and to could cause infection singly, another field test was 
made in August, 1929. The results are given in Table V. A high 
percentage of infection resulted from inoculations with these mono- 
sporidial lines, as indicated by marked coloration on the leaves. More 
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than 50 per cent of the plants inoculated with A13 x D.6 developed 
normal smut galls. The plants were rather small at the time of inocu- 
lation, and it was dry and hot for two weeks subsequently. This may 
possibly account for the relatively low percentage of plants with galls. 
There was no indication of any contamination. Not a single smut gall 
developed on plants inoculated with two unisexual lines, Minn. F and 
Minn. A13 x Minn. F.1. It appears certain from these experiments, 
therefore, that Ar3 x D.6, 9, and 10 cause infection singly, and Minn. 
A12 x Minn. D.6 appears to be decidedly more virulent than the 
other two. 


TABLE V 


ReEsuLts oF INOCULATING GoLDEN BANTAM CorN IN THE FIELD witH ‘HomoTHaLiic’ Lines 
AND WITH Minn. F, ano witH Minn. Ar 3x Minn, F.1 


No. pants No. plants No. p!ants 

Lines inoculated infected with galls 
Wisminiek ae emi, FOFGS 6 oo ase tn aye mate x 79 vHh 4t 
do Orca a ar at STEN ase 73 64 II 
do VO Erne OID RS OAR, 83 80 1s 
Check—Minn. A13 x Minn, F.r........... 66 On oO 
Checle—— Wiis. . nny ctor s aniuee > esae iste arease 40 o* o 
Whey Mo sek shies accateheca ate cele stenebectate 55 ° 0 


* When this line is paired with a line of opposite sex strong infection results. 
7 Plants inoculated with sterile nutrient solution. 


In order to make absolutely certain that the results were not due 
to mixtures in the cultures, resulting from contamination with lines 
of another sex, or from sex mutation, several monospovzidial isolations 
were made from each line in the usual manner. These subcultures 
were tested in the greenhouse, as indicated in Table VI. Many of 
the Golden Bantam plants inoculated with the sub-monosporidial cul- 
tures of Minn. A13 x Minn. D.6, 9, and 10 developed normal smut 
galls. However, some of the results were erratic. No infection re- 
sulted when Golden Bantam plants were inoculated with the following 
sub-monosporous cultures: A13 x D.g.1, A13 x D.10.4, and A1r3 x 
D.10.6. In a preliminary test, however, subculture Minn. Ar3 x 
Minn. D.6.2 was found to be virulent, having caused infection and 
produced large galis on two out of three plants 12 inches high. It is 
difficult to explain these results; they may have been due to mutation 
of the organism, which is known to be common in these three lines. 
It is possible also that the reduction division of the diploid nucleus did 
net occur in the usual manner in the promycelium, that the primary 
sporidia were diploid, and that reduction division occurred in some but 
not in others during the process of budding. Some sporidia would 
then be diploid and some haploid. 

The evidence that lines 6, 9, and 10 cause infection singly seems 
conclusive. Betwen 500 and 6co plants of Golden Bantam and Gehu 
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were inoculated with each line, and there was a high percentage of 
infection. The experiment was repeated, with similar results. Finally, 
monosporidial cultures again were made from the above monosporidial 
lines, and when inoculated into corn plants these lines also caused in- 
fection, with the exceptions noted. A cytologic study of these lines 
has not yet been made, but, whatever the nuclear condition, it is cer- 
tain that some monosporidial lines can alone cause infection, with the 
production of galls containing chlamydospores. This ability seems to 
be rare in the Ustilaginales, altho Boss (1) states that Ustilago ischaemi 
completes its life cycle in the haplophase, both in artificial cultures and 
in nature. 


TABLE VI 


Resutts or Inocutatinc GorpeN Bantam Corn 1N THE GREENHOUSE WITH SuB-MOoNOSPORIDIAL 
Curttures IsoLtaTED FROM CULTURES OF THREE ‘HomoTnHaLiic’ LINES 


No. plants No. plants No. plants 
Lines inoculated infected with galls 
WuameAns x Minn: IDi6.%.02: 00... 00sceee 26 19 II 
do SPM Toate > visa. ei le win <'s 22 I I 
do SUPER Care Nac Mislie\ vis teh 0 19 16 13 
do Meet rccyial Busia 's y gteh en 2 16 9 
do MS reUeNra ee svstie a t6.'s ain os 19 12 9 
le ot ANZ ore Ol babs Doh ee 16 0 Co) 
do Ere Nate) 0 ais ‘alan 0 19 2 I 
do oS Lote Be RICCO ROSEN 19 2 2 
do finan co AOR OROR EOE 20 5 I 
do "eid SOticho ICI OICIeHD 19 8 4 
do BORAT ater rtislivadss 'evninusiials 14 6 2 
Miners x Minn, Dito... ......sees ees 16 14 8 
do POOP Pe rs (aiven ais. cake Py) 3 2 
do Be erchdonty Ae inte Asrenas 20 10 4 
do Pret Mate mic, aucive 24 oO ° 
do icky CoO PRR TORIC 15 5 te) 
do ROer ais! cy haces ays. aueor6 10 ) o 
Check-Minn. A13 x Minn. F.7............ 25 0 ) 
do BOs tue hier secanas 9 0 Co) 
BOC VUSEIU ANT Mery cad tgfeicvesle Sos bes dees Ze ) 0 


Cultural Characters 


All the f, lines from the six crosses were studied comparatively on 
solid media. A general summary of their characteristics is given in 
Table VII, and a more detailed summary of the character of lines from 
Minn. Ar3 x Minn. F are given in Table VIII. Most of the lines of 
a given cross were strikingly different from their parents and from 
each other in one or more of the following characters: type and rapidity 
of growth, color, topography of colonies, production of sporidia and 
aerial mycelium, and tendency to mutate. Some of the differences be- 
tween lines are illustrated in Plates I] and III. It is interesting to 
note that the differences between the f, lines were as great as those 
between the lines obtained from many different countries. 


ys0} OU = — § 


‘yussed yep pue yySI] usemzeq oyerpaursozur = ] Squared sJoyrep oy} uvy? Joyep = C ‘Jered s9zY SI] oy? UY} sayyst] = TF 
“u1sieu pue ‘sovjins ‘Aydessodo} epmjour Sroyovseyo qesnggng + 
‘Teypeokur-twwas = JAS ‘[erprtods = ¢ fyerjaoAu = JT x 
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qt “qr “74 ZIV 
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“Vy uur, OT 4 SI aot = = I @ 1 W*W = sz Vee ReuE Sy UN 
Ge “Tt 
“Vy epeuey oxl I 
‘Cry ‘UU, OyIY] I 3 zi 0 (o) z ie WxS Nas S Vv epeurg x f1y “UU 
1g ‘ae “741 : 
‘fry ‘UUIy, ayIT P 1z rf be pure fz to) +1 if EX WxS AUR Ce q ‘uuryy, X Ery “uUTyy 
az “Jo 
‘C1y “UU; aAI] I €r puv cl 
‘qT “UUTy, Oy 1 8 It g pue Z (0) + ze ZL Wxs 9 4svo] 1V £1 Wy uulyyy X EL “UU 
sa1u0[0o 49430 yoo sjusred W WS S 
sulzeynu yo sodAy 0} ABTIUAIS 0} TRTIUIIS sosso1) sdnoi3 poqeyost 
t10fo9g Soul] qUITIYIP "ON, Souly Ty yenxes sojoues SoSSOIg 
ON 7 = ON THON 


dsisjoereyo [einyyny 


xYIMOIS JO adh 


SANIT IVINaYvVgd AHL AO SOILSIMALOVAVHD AHL HLIM Sassou) ILNAXATATC XIG WOUT SANIT T} AHL dO SOILSIYALIVAVH() AHL JO NOSITavdWO) VW 


IIA WIdVL 


USTILAGO ZEAE 101 


None of 77 lines obtained from Minn. A13 x Minn. F, Minn. A1r3 
x Minn. D, Minn. A13 x Canada A, Minn. A12 x Minn. D, and 
Minn. A x Minn. F were like their parents in cultural characteristics. 
(See Table VII.) It is unfortunate that cultural characteristics of 
f{, lines from Minn. A x Canada A were not recorded. A number of 
these were quite similar to, if not identical with, each other, and some 
resembled closely the cultural characters of the parents. Among the 
f, lines trom Minn. Ar3 x Minn. F and from Minn. A x Minn. F there 
were two sets of duplicates each; from Minn. A13 x Minn. D, one; 
and none of those from Minn A1r3 x Canada A and Minn. Ar3 x 
Minn. D were alike. Mutants Minn. A12 and Minn. Ar3 when crossed 
with the same line, Minn. D, gave rise to f, lines which were all differ- 
ent from each other. The results indicate that multiple factors govern 
most cultural characters. 

From the cross Minn. A12 (mycelial) x Minn. D (mycelial) 12 
sporidia (F, gametes) produced mycelial colonies, and only one a spo- 
ridial colony. Minn. A13 (sporidial), a sister mutant to Minn. Ar2 
(mycelial), crossed also with Minn. D (mycelial) gave rise to 14 my- 
celial, 7 semi-mycelial, and 11 sporidial types. In another cross, Minn. 
At3 (sporidial) x Minn. F (mycelial), the sporidial types predom- 
inated over those of the mycelial type. But Minn. F (mycelial) x 
Minn. A (mycelial), the parent of Minn. A132, gave rise to I sporidial 
and 13 mycelial f, lines. It seems evident from these breeding tests 
that the mutants Minn. A12 (mycelial)’ and Minn. Ar3 (sporidial) 
are genetically different from each other, and A13 is different from 
its parent, Minn. A. It is significant that Minn. A crossed with Minn. 
F and with Minn. D gave rise to different ratios of mycelial to sporidial 
types. Therefore, Minn. F and Minn. D apparently do not carry the 
same genetic factors for type of growth. 

There apparently are multiple factors for color of colonies. Of the 
32 f, lines from Minn. A13 x Minn. D, 17 were lighter than either 
parent; 3 were distinctly darker than the darker parent; 4 were like 
one parent, Minn. A13, in color; and-the other 8 were intermediate 
in color between the light parent and the dark parent. Twenty-six of 
the 32 lines produced colonies distinctly different in color from each 
other. Minn. A12 x Minn. D.7 was conspicuously darker than the 
darker parent, which was reddish brown. A12 x D.7 was coal black 
and gave rise almost immediately to several pure white mutants, that 
have remained white for several generations. There also was one 
blackish line among the 25 isolated from Canada A x Minn. A. Both 
parents in this case were cream to tan in color. Seven gametic lines 
from the same cross resembled one of the parents in color, and 8 the 
other parent. None were lighter than the parents, but 10 were darker 
than either parent. Among the lines obtained from all the crosses, 
with the exception of Canada A x Minn. A, there were many kinds 
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and gradations of color. The evidence tends to show that multiple 
factors are concerned in color production. The results indicate also 
that the mutants, Minn. A12 and Mirn. A13, do not possess the same 
factors for color as their parent Minn. A. 


Mutability 
Some of the lines derived from six crosses listed in Table VII. 
mutated frequently; others did not mutate during the first cultural 
generation in flasks. (See Table VIII.) It is obvious that Minn. Ar3 
x Minn. F.1 and Minn. A13 x Minn. F.11 were very unstable. Three 
colonies of the former gave rise to 16 mutants, 4 of which were dif- 
ferent; and the latter line produced more than 20 mutants, 5 of which 
were distinctly different from the parent and each other. The f, lines 
from Minn. A13 x Canada A were the least stable; they gave rise to 
the largest number of mutants per colony, while those from Minn. A 
x Minn. F apparently were the least mutable of the six crosses studied. 


TABLE VIII 


CuLTuRAL CHARACTERISTICS OF THIRTEEN f,; LINES From Minn. Azz x Minn. F AND OF THE 
ParEnTAL LINES WHEN GROWN ON NutTRIENT MEDIA 


Growth on potato-dextrose agar Sporidia produc- 
Parents and Diam. mt tion in 1 per cent 
f,; lines* in mm. No. malt + 1 percent 
Typey Colort sectors sucrose solution 
Minn. F 46 M Lilac fo) Light 
Minn. Arg3 36 Ss— Cream-tan vi Abundant 
Minn. A13 x Minn. F.1 36 S+ D 16 do 
do 2 46 M Cream-tan I do 
do 3 37 S+ D 2 do 
do 4 50 M 16, ° do 
do 5 43 S Lilac to) do 
do 6 34 S+ LF to) do 
do 7 41 Sm Ie ° do 
do 8 41 Sm TL, to) do 
do 9 33 S+ L 4 do 
do 10 36 Ss 1G; 9 do 
do It 40 S 1G; 20+ do 
do 12 47 M Is I Moderate 
do 13 50 M 1G, Co) do 


* All segregates of different colors, except that 7 was similar to 8. 
7+ S = sporidial; M = mycelial; Sm = semi-mycelial. 
+ D = darker than the lilac parent; L = lighter than the cream-tan parent. 
+ and — indicate degrees of the type indicated. { 
Pathogenicity 
The author is of the opinion that, while the proper complement ~ 
of sex factors in the dikaryons is normally essential to enable U. zeae 
to parasitize the corn plant successfully, there are factors for patho- 
genicity in addition to those for sex. This fact became clearly evident 
in observing the degree of infection caused by the various combina- 
tions listed in Tables II, I1I, and [V. The various dikaryophytes that 
formed chlamydospores were by no means equally virulent. Some 
caused heavy infection, some light, and others very light infection,” 
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The degree of infection is not recorded in Tables III and IV because 
the facts are shown clearly in subsequent tables. 

The three lines that cause infection singly also appear to differ in 
virulence, altho all of them can produce chlamydospores. A13 x D.10 
caused light or very light to incipient infection throughout, while line 
6 caused heavy infection in most cases. In the discussion of Table IV 
evidence of differences in pathogenicity of different combinations of 
lines also is given. Additional experiments were made and the results 


recorded in Tables IX and X. 


TABLE IX 


Resutts oF Inocutatinc Six Setren Lines oF CorRN IN THE GREENHOUSE WITH f, LINES 
FRoM Minn, Ar3 x Minn. F AND WITH THE PARENTAL LINES 
IN COMBINATION WITH ONE ANOTHER 


(Minn. A13 x Minn. F.1) (Minn. A13 x Minn. F.6) 


. } } NM x x 
ieee eee Minn Fa Arg x Minn. F.9) (Minn. A13 x Minn. F.9) 


of corn 
Infection* Infection Infection 
S-1 fo oa} 35 Ht 41 4 
50 35 42 
S-2 Cp 30 H 23 
44 30 24 
S-3 Shas a Pa We 21 M 
43 an 26 
S-4 Fe Be 22 H 28 H 
an 22 2B 
F-1 gin ae St is OY 
Zo 18 36 
F-2 Pama | 18 I 2) 
28 30 32 


*The denominator denotes the number of plants inoculated; the numerator, the number 
infected. 

H = heavy infection; M = moderate; L = light; I = incipient, i.e., galls very small and 
wart-like. 


During the winter of 1928-29 a comparative pathogenicity test was 
made in the greenhouse with the following combinations: (Minn. A13 
x Minn. F.1) x (Minn. Ar3 x Minn. F.9); (Minn. A13 x Minn. F.6) 
x (Minn. A13 x Minn. F.9), and the parental lines, Minn. A13 x 
Minn. F. Six selfed lines of corn were inoculated when about 8 to 
12 inches high. The results are given in Table IX. Combinations of 
the two f, lines proved to be much more virulent than the 
parental combination. This may not be a fair comparison as far as 
the relative pathogenicity of the parental combination and that of the 
f, lines is concerned, because at the time the original cross, Minn. 
At3 x Minn. F, was made in the winter of 1928, the parental lines 
were strongly pathogenic, while subsequent tests proved that Minn. Ar3 
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had lost some of its original virulence. The results do show, however, 
that the pathogenicity of different combinations may be quite different. 

A more extensive test on parasitism was made in the field. The 
combinations mentioned above were used. In addition, Minn. A13 x 
Minn. F.7 was back crossed with Minn. F; and Minn. A, the parent 
of Minn. A132, also, was crossed with Minn. F. Ten selfed lines of 
sweet corn were inoculated with the five combinations. The corn plants 
were 18 to 24 inches high and jointing at the time of inoculation. Dupli- 
cate plots were inoculated with each combination. The data are pre- 
sented in Table X. There were decided differences in the virulence 
of the different combinations. In descending order of virulence, they 
rank as follows: (Minn. A13 x Minn. F.6) x (Minn. A13 x Minn. 
F.g); (Minn. Ar3, x Minn. F.1) x (Minn. Al3 x Ming o}e 
(Minn. A13 x Minn. F.7) x Minn. F. The other two combinations 
were relatively weak in virulence. The results were consistent in both 
series. 


TABLE X 


Resutts oF Inocuratinc Ten SeLrep Lines or CorN IN THE FIELD witH f; LINES FROM 
Minn. A1t3 x Minn. F, 1n COMBINATION WITH ONE ANOTHER OR WITH 
Minn. F, anp with THREE Oruer MonosporipiaAL Lines 
IN COMBINATION WITH ONE ANOTHER 


(Minn. A1r3xMinn. F.1)x (Minn. A13xMinn. F.6)x Minn. F x 


Selfed lines (Minn. Ai3xMinn. F.9) (Minn, Ar3xMinn. F.9) (Minn, Ar3xMinn. F.7) 
Infection* Infection Infection 

S-4 21 L to M + 33 L to H + 27 L to M + 
32 40 37 

S-5 30 Ito M + 28 Lto H ++ 14 1 to M - \ 
32 20 24 

S-6 24 ALY te HA, se 28 Lto H ++ 7-1 te! ews 
2 = i : 

S-7 irl to Ls 21 H +++ 11 I to Les 
17 21 16 

S-8 19 Lto M+ 29 Mto H ++ 19D tonsa 
32 29 30 

S-9 7Lto M+ 22 Lto H +++ 11 L to M + j 
24 23 at 

S-10 Sie tO Lets 251 to H + 13/1 to "Lee 
3r 32 30 f 

S-11 1I to L + 31 Mto H ++ 17 towers 
8 33 29 | 

S-14 io L to M + 23 Lto H +4 sIl+ 
19 23 16 

S-15 32 Lto H+ 36 Le ==> -- 18 + to M + 
33 36 23 i 
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| TABLE X—Continued 


Selfed-lines Minn. Ar3 x Minn. F Minn. A x Minn. F Checks} 
of corn Infection Infection Infection 
S-4 31 to L + 3L+ 1L+ 
25 25 22 
S-5 6I+ Obl to Line 0 
7 25 16 
S-6 5 Lb to Bote Sih tomwas = to) 
26 7 17 
S-7 2) to Wb = So to: =e 0 
14 20 x 
S-8 Tito a = 81 to L = Lo+ 
34 26 18 
S-9 9 + 5 Ty to M.-F (a) 
22 20 16 
S-10 3L+ oie to: i. = to) 
29 25 19 
S-11 Aele to} ie, t= 4a toy san =e 0 
26 29 20 
S-14 sot tor Ll. = 21+ 0 
20 20 ar 
S-15 tr to; Du i ( to Lo Oo 
29 28 at 


* The denominator denotes the number of plants inoculated; the numerator, the number 
infected. Plus and minus signs indicate the number of galls; ++ -+ indicate very many galls; 
— indicates few galls. 

H=heavy infection; M=moderate; L=light; I=incipient, i.e., galls very small and 
wart-like. 

} Inoculated with Minn. A13 x Minn. F.6. 


It appears certain from all of the observations and experiments 
that there are multiple factors for pathogenicity and that the virulence 
of the pathogene in the field depends on the chance combinations of 
gametic lines with the proper complement of factors for pathogenicity 
and sex. 


CONCLUSIONS 


_ The results of experiments with combinations of monosporidial 
lines substantiate the previous conclusions of Christensen and Stakman 
(2) that there are parasitic races or physiologic forms of U. zeae, and 
that selfed lines of corn may be physiologically resistant to some forms 
and susceptible to others. The degree of infection depends upon the 
lines of smut and the lines of corn involved. It is clear that the path- 
ogenicity of combinations of lines probably is the component of the 
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factors for pathogenicity, and to a certain extent of those for sex, of 
the smut lines causing infection. A monosporidial line of U. zeae may 
be strongly pathogenic in combination with certain lines of opposite 
sex and only weakly pathogenic with other lines of opposite sex. It 
seems clear that different lines have different factors for pathogenicity,, 
apart from those for sex. The most conclusive evidence, however, that © 
monosporidial lines differ with respect to pathogenicity as such, is the 
fact that those which can cause infection alone also have different de- 
grees of virulence. 

While it was shown that some monosporidial lines, alone, can cause 
infection, it seems evident that U. zeae is predominantly heterothallic. 
As there evidently are multiple factors for sex and pathogenicity, there 
may be a great many different combinations of sexual and pathogenic 
potentialities. While the ultimate implication of these facts depends 
upon the number of factors in existence, it is significant that so many 
different combinations are possible. U. zeae is very heterozygous for 
most characters. This means that great variation is possible and that 
there may be a large number of combinations resulting in the produc- 
tion of a great many different lines. 

There is still further evidence from the results recorded here that 
haploid lines are clones and that the so-called mutations are due 
to genotypic changes. The corn smut pathogene, therefore, comprises 
many lines now, and new ones continually are arising by mutation and 
hybridization. It seems likely that attempts should be made to produce 
lines of corn with functional or structural resistance. It is possible 
that some lines of corn may have physiologic resistance to all of the 
combinations of physiologic forms with which they are likely to be 
inoculated under natural conditions. However, it seems probable that 
lines of corn with functional or structural resistance will be most useful. 
There is some evidence that such lines are in existence, but information 
regarding the mode of infection and the nature of resistance still is 
very meager. Therefore, much more investigation is necessary before 
the practical implications of the results obtained can be known. 


SUMMARY 


1. Monosporidial lines from Canada, France, Hungary, Italy, Spain, 
and from several places in the United States produced smut, galls when 
paired with two monosporidial lines of opposite sex isolated from 
chlamydospores from Minnesota. There was no evidence, however, 
of complete interfertility or intersterility between possible “Geographic 
strains.” 

2. Chlamydospores were obtained from six different crosses of 
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monosporidial lines, including some mutants. One hundred and two 
sporidia (F, gametes) from these crosses were isolated and the result- 
ing monosporidial lines (designated as f, lines) were studied in con- 
siderable detail. 

3. A study of these f, lines on potato-dextrose agar indicates that 
there are multiple factors in U. zeae for rate of growth; for type of 
growth; for color, consistency, and topography of colonies; and, pos- 
sibly, for the tendency to mutate. Thirty-two f, lines isolated from 
chlamydospores in a single smut gall resulting from crossing two mono- 
sporidial lines were all culturally different from each other. 

4. There apparently are multiple factors for sex and pathogenicity. 

5. Dikaryophytes resulting from pairing f, lines from a single cross 
may have various degrees of pathogenicity: some are very virulent, 
some moderately virulent, and others appear to be relatively innocuous. 

6. U. zeae is predominantly heterothallic but three monosporidial 
lines obtained by isolating F, gametes from a cross cause normal infec- 
tion when inoculated singly into corn plants, although they have differ- 
ent degrees of virulence. Thirty-one other lines from the same cross 
did not cause infection when inoculated singly into corn. 

7. A study of the growth type of f, lines isolated from crosses be- 
tween certain mutants and their parents and between the mutants and 
another monosporidial line indicates rather clearly that the so-called 
mutants are true mutants resulting from genotypic changes. 

8. It will be necessary to learn more about the mode of infection, 
the nature of resistance of lines cf corn to smut, and the performance 
of these lines in the field before the practical importance of the facts 
presented in this paper can be known. 
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D.6.2.3._ Both lines caused normal infection when inoculat 
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INTRODUCTION 


According to Bailey (1898) the raspberry has been cultivated in 
Europe since the fourth century. Varieties of European origin are 
mentioned in American literature as early as 1806. Bailey states that 
the native American raspberry was first brought into cultivation about 
1825. This was a purple variety. Cultivation of the black raspberry 
began about 1832 and the American red raspberry was first cultivated 
about 1860. 

Nearly all raspberries cultivated for their fruit in North America 
are derived from the American and European red raspberries and 
from the American black raspberry Rubus occidentalis Linn. There 
is much difference of opinion among botanists whether or not the 
American red raspberry Rubus strigosus Michx. should be considered 
a subspecies of the European red raspberry Rubus idaeus Linn. In 
this bulletin they are treated as distinct species in accordance with 
Rosendahl and Butters (1927) and others. Hedrick (1925) considers 
R. strigosus a subspecies. All black varieties are derived from KR. 
occidentalis and the purple raspberries are hybrids of red and black 
varieties. Several oriental species are grown to a limited extent. The 
Japanese wineberry Rubus phoenicolasius Maxim. and the strawberry- 
raspberry Rubus illecebrosus Focke, are the best known of the oriental 
species. 


CHARACTERS USED TO IDENTIFY RASPBERRY SPECIES 


Red raspberries are usually distinguished from black raspberries by 
the color of the fruit and by the erect canes that are more or less cov- 
ered with straight, stiff, bristle-like prickles. When referring to red 
raspberries these are called bristles in this bulletin to distinguish them 
from the typical prickle of the black raspberry, altho botanically both 
are prickles. The canes of the black raspberry are erect and arching 
with few to many prickles that are usually more or less hooked. A 
few cultivated varieties are almost without prickles. Varieties which 
produce amber-white fruit occur in both the red and the black 
raspberry. 

The European raspberry R. idaeuws is distinguished from R. strigosus 
by heavier and more rugose foliage and by the absence of stalked 
glands. The canes of R. strigosus are more slender and usually darker 
in color. The following comparison is taken from descriptions by 
Hedrick (1925) and by Rosendahl and Butters (1927). 
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The young canes of R. idaeus are often finely tomentose, becoming 
glabrate and are not bristly to the top. The inflorescence is more or 
less bristly but without glands; the peduncles and pedicels are finely 
pubescent. Stalked glands are not found. on the canes. The hypan- 
thium is broad and easily seen in the open flower ; the stamens are erect. 
The sepals are tomentose and often bear a few hooked prickles. The 
style is not so slender as the style of R. strigosus. The fruit is dark 
red or yellow, thimble-shaped, and is produced more or less continu- 
ously throughout the season. 

The young canes of R. strigosus are typically. without pubescence 
and are bristly to the top. The inflorescence is glandular, and more or 
less bristly; the peduncles and pedicels are not pubescent. Stalked 
glands are common on the canes. The hypanthium is narrow and 
concealed by the stamens which are incurved. The sepals are glandular 
and bristly; the style is very slender. The leaves are less tomentose 
beneath than the leaves of R. idaeus. The fruit is bright red or rarely 
yellow, and hemispherical. 

Rosendahl and Butters (1927) call attention to a subspecies R. 
strigosus var. canadensis which occurs in northern Minnesota and is 
found from Labrador to Alaska. The pubescence of this subspecies 
is typical of R. idaeus and occasional specimens occur with few or no 
glandular bristles. The floral characters, however, resemble R. stri- 
gosus rather than R. idaeus. It is noteworthy that Grubb (1922) re- 
ports that both glabrous and pubescent forms of the wild red raspberry 
occur in England. 


DERIVATION OF OUR CULTIVATED RASPBERRIES 


Examination of the following cultivated varieties indicate that the 
majority have been derived from hybrids of FR. idaeus and R. strigosus. 
Darrow (1920) working with a somewhat different list of varieties 
concluded that most of the cultivated red raspberries grown in North 
America at the present time are derived either directly from R. strigosus 
or are hybrids between that species and R. idaeus. The fact that a 
variety is typically of the R. strigosus type does not preclude the pos- 
sibility of its being derived partly from R.idaeus. Of the intermediate 
group the Cuthbert, Golden Queen, and Herbert show most evidence 
of the R. idaeus type. 


R. strigosus R. strigosus x R. idaeus R. idaeus 
Chief Cuthbert Latham La France 
King Eaton Loudon Lloyd George 
Ohta Golden Queen Marlboro 
Ranere (St. Regis) Herbert Newman 


Sunbeam June Viking 
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IDENTIFICATION OF HORTICULTURAL VARIETIES 


Those who are familiar with raspberry-growing do not find it 
difficult to recognize varieties in the field during the growing season. 
It is much more difficult to assemble and classify the characters on 
which the recognition is based. Some characters are extremely vari- 
able and are influenced by location, soil, climate, and plant diseases. 

In a previous paper on the identification of raspberry varieties, the 
writer (1925) describes certain characters which were found to be 
relatively constant under varying conditions of growth. Attention 
was called to the abundance, color, and structure of the bristles; the 
number and form of the leaflets; the color of the foliage; the presence 
or absence of glaucous bloom. 

Owing to the frequent occurrence of hybrids between R. strigosus 
and FR. idaeus many of the botanical characters which separate these 
species can be used to identify horticultural varieties. It is important 
to observe that the young canes differ in some characters from the 
fruiting canes of the same variety, as for example in the number of 
leaflets. For this reason the young canes have been used for identifica- 
tion except when portions of the flowering stalk are referred to. The 
fruit has not been used as a primary factor in descriptions so that 
varieties may be identified at any time during the growing season. The 
differences between black raspberry varieties are less marked, probably 
because all the black varieties are derived from one species. 

The shape of the foliage is relatively constant and may be used 
to separate varieties of the red raspberry. The leaflets of some 


Fig. 1. Two Varieties of Red Raspberry Leaves 
Right, Sunbeam, with broad terminal leaflets; left, Latham, with narrower leaflets. 
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varieties are broad, with the width of the terminal leaflet often equal 
to the length, or nearly so. The leaflets of other varieties are narrower, 
the width of the terminal leaflet being decidedly less than the length. 
Typical leaves are illustrated in Figure 1. 

Stalked glands as illustrated in Figure 2 are characteristic of R. 
strigosus but not of R. idacus. They can be seen readily with a hand 
lens. In some varieties they are present on the cane, petiole, peduncle, 
pedicel, calyx, and other parts; in others only on some of these parts. 
Bristles on the young canes of most cultivated varieties generally are 
not glandular; however, those on the native FR. strigosus usualiy are. 


Fig. 2. Stalked Glands, Much Enlarged, Fig 3. Young Cane Showing the Dark Base 
on Petiole of Sunbeam Raspberry of the Bristles, Variety Lloyd George 


In a few instances the only glands present are sessile or practically 
so, for example those on the petiole of Latham. They are found 


mostly at the junction of the lower pair of leaflets but are so small 


that they may easily pass unnoticed. They are much less conspicuous 
than the typical stalked glands of R. strigosus. 
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Stalked glands are not found on black or purple varieties, but ex- 
tremely small sessile glands are common on the cane, petiole, pedicel, 
and calyx. It is noteworthy that typical stalked glands are common 
on the cane, petiole, pedicel ; and calyx of the blackberry. 

The general character and abundance of bristles on the cane, petiole, 
peduncle, pedicel, and calyx can be used in identification. Bristles on 
the lower portion of the cane are of little or no value for this purpose. 
Most varieties have many bristles within 6 to 12 inches of the ground 
and these are usually more slender and lack the individual character 
of those on the upper portion of the cane. This also is true of the 
bristles on very young canes. 

An abundance of bristles is typi- 
cal of R. strigosus altho many cul- 
tivated varieties have few. Varie- 
ties may be divided into two groups, 
(1) those with many bristles on the 
petiole and (2) those without or 
with few (usually not exceeding 20 
to 25). 

The color of the bristle at its 
base is also characteristic and can be 
used in identification. Here again 
varieties may be divided into two 
groups, (1) those with bristles 
conspicuously darker at the base 
than the young cane as illustrated 
in Figure 3 and (2) those with 
bristles similar in color at the base. 

The structure of the bristle or 
prickle is useful in identification. In 
some varieties the base of the bris- 
tle is markedly enlarged as _ illus- 
trated in Figure 4 in contrast to the 
lack of any obvious enlargement in 
other varieties. The average length 
of the bristles or prickles is also 
helpful in identification. 


Pig. 4. Golden Queen, Showing Enlarge- Bristles are generally present on 
ment at the Base of the Bristles on ioe 
the Young Cane the calyx of red varieties and vary 


in number from few to many. The 
lack of bristles or prickles on the calyx of all black varieties examined 
indicates a characteristic difference in this respect between red and black 
varieties. The only purple raspberry observed, the Columbian, was 
found to have very few prickles on the calyx. 
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The color of the new growth at the tip of the cane is not a reliable 
character except to distinguish yellow fruited varieties. These do not 
show any indication of red at the tip. The amount of color shown 
at the tip of red varieties changes considerably according to location 
and season. 

The number of leaflets comprising a single leaf is not sufficiently 
constant to use in identification and varies on the old and new canes of 
the same variety. Leaves of the young canes have either three or five 
leaflets ; those of the flowering shoot invariably have only three. 

Grubb (1922) mentions the appearance of pubescence at the tip 
of the new canes as the most constant character under all conditions 
of growth in England. This is not true of varieties most commonly 
grown in North America. 


KEY TO 16 VARIETIES OF RASPBERRIES 


The following key is based, in so far as possible, on cane and foli- 
age characters. For purposes of identification young canes not less 
than half grown are used, as very young canes do not exhibit distinct 
varietal characters. 

A. Canes erect, with few to many straight, stiff bristles; fruit red or 
yellow. 

B. Terminal leaflets on the young cane broad, width often equal 

to length or nearly so. 
C. Petiole of leaves near the tip of the young cane with bristles 
absent or few, usually not exceeding 20 to 25 bristles. 
D. Petiole of leaves on the young cane with many sessile 
glands, mostly at the junction of the lower leaflets and 
the petiole. 


Canes medium height; moderately glaucous ; 
bristles on the young cane very few; base of 
bristles about the same color as the young cane ; 
bristles on the petioles near the tip of the young 
cane few, not gland-tipped, 0.5-1.0 mm. in 
length; petiole and pedicel glabrous; pedicel 
and calyx with many bristles, mostly gland- 
tipped ; calyx finely tomentose ; fruit red, conic, 
medium to large, firm, midseason; drupelets 
medium, to large> .. sta. LOUDON 


DD. Petiole of leaves on the young cane with sessile or 
stalked glands absent or very occasional. 


Canes tall, very glaucous; leaves dark green, 
distinctly rugose; bristles on the young cane 
usually absent ; bristles on the petioles near the 
tip of the young cane absent or very occasional, - 
not gland-tipped, 0.5-1.0 mm. in length; petiole 
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and pedicel glabrous; pedicel and calyx with 
very few bristles, not gland-tipped ; calyx finely 
tomentose; fruit red, round, very large, firm, 
Prone rarUpelets (ATV. 6. oe ete we JUNE 


CC. Petiole of leaves near the tip of the young cane with many 


bristles. 
D. Bristles on the young cane with base usually much 


enlarged. 


Canes tall, moderately to very glaucous ; leaves 
dark green, distinctly rugose; bristles on the 
young cane extremely numerous; base of bris- 
tles about the same color as the young cane, 
distinctly enlarged ; bristles on the petioles near 
the tip of the young cane numerous, mostly 
gland-tipped, 1.0-3.0 mm. in length; petiole 
and pedicel glabrous; pedicel and calyx with 
many bristles, mostly gland-tipped; calyx 
finely tomentose; fruit dark red, round, me- 
dium size, soft, decidedly acid, midseason ; 
deupelets medium size. .f....5... SUNBEAM 


DD. Base of bristles on the young cane not conspicuously 
enlarged. 


Canes medium tall, slightly glaucous, leaves 
medium green, not conspicuously rugose ; bris- 
tles on the young cane numerous; base of bris- 
tles about the same color as the young cane; 
bristles on the petioles near the tip of the young 
canes common, mostly gland-tipped, 1.0-2.0 
mm. in length; petiole and pedicel glabrous ; 
pedicel and calyx with many bristles mostly 
gland-tipped ; calyx finely tomentose ; fruit red, 
round-conic, large, unusually firm, early; 
drupelets medium to small.......... CHIEF 

(syn. Minn. No. 223) 


BB. Width of terminal leaflets on the young cane decidedly less 
than the length. 
C. Petiole of leaves near the tip of the young cane with bristles 
absent or few, usually not exceeding 20 to 25 bristles. 
D. Bristles on the young cane absent or occasional. 


Canes medium height, not obviously glaucous ; 
bristles on the petioles near the tip of the 
young cane absent or occasional, not gland- 
tipped, 0.5-1.0 mm. in length; petiole of leaves 
on the young cane with many sessile glands, 
mostly at the junction of the lower leaflets and 
the petiole ; petiole and pedicel glabrous ; pedi- 
cel and calyx with many bristles, mostly gland- 
tipped; calyx finely tomentose; fruit dark red, 
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round-conic, very large, firm, rather acid, mid- 
season, does not separate easily from recepta- 
ele’; drupelets large... <2. eee EATON 
(syn. Alton Improved, Crimson Beauty, Idaho, 

Iowa, Paragon) 


DD. Bristles on the young cane common to numerous. 
E. Petiole of leaves on the young cane with many sessile 
glands, mostly at the junction of the lower leaflets 
and the petiole. 


Canes tall, moderately to very glaucous; bris- 
tles on the young cane common; base of bris- 
tles about the same color as young cane; 
bristles on the petiole near the tip of the young 
cane few, not gland-tipped, 1.0-1.5 mm. in 
length; petiole and pedicel glabrous; pedicel 
and calyx with many bristles, mostly gland- 
tipped; calyx finely tomentose; fruit red, 
round, very large, firm, late midseason ; drupe- 
lets: medium size. .2, - 2.9: eee LATHAM 

(syn. Imogene, Minnesota No. 4, Redpath) 


EE. Petiole of leaves on the young cane with sessile or 
stalked glands absent or very occasional. 


Canes tall, moderately glaucous; bristles on 
the young cane common; base of bristles 
about the same color as young cane; bristles 
on the petioles near the tip of the young cane 
very few, not gland-tipped, 0.5-1.0 mm. in 
length; petiole glabrous, pedicel finely pube- 
scent; pedicel and calyx with many bristles, 
not gland-tipped, but with occasional sessile 
glands; calyx finely tomentose; fruit red, 
round-conic, large, firm, midseason; drupelets 
medium ‘size..22.0%) «+24... 5 VIKING 


CC. Petiole of leaves near the tip of the young cane with many | 
bristles. 
D. Base of bristles conspicuously darker in color than the 
young cane. 


Canes medium tall, moderately glaucous; 
terminal leaflets often 3-lobed; bristles on the 
young cane numerous; base of bristles red; 
bristles on the petioles near the tip of the 
young cane numerous, mostly gland-tipped, 
1.0-3.0 mm. in length; petiole and_ pedicel 
glabrous ; pedicel and calyx with many bristles, 
mostly gland-tipped; calyx finely tomentose ; 
fruit red, round, medium size, rather soft, 
very early; drupelets medium size.. RANERE. 

(syn. St. Regis) 
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DD. Base of bristles about the same color as the young cane. 
E. Bristles on the petioles of the young cane mostly 
gland-tipped. 
F. Bristles on the young cane common but not ex- 
tremely abundant. 


Canes tall, moderately glaucous, bristles on the 
young cane common; bristles on the petiole 
near the tip of the young cane common, fre- 
quently gland-tipped 1.0-1.5 mm. in length; 
petiole and pedicel glabrous ; pedicel and calyx 
with many bristles, mostly gland-tipped ; calyx 
finely tomentose; fruit red, round, large, firm, 
early; drupelets medium size......... KING 


I‘ l*, Bristles on the young cane very numerous. 


Canes tall, moderately to very glaucous; bris- 

tles on the young cane very numerous; bris- 

tles on the petioles near the tip of the young 

cane very numerous, mostly gland-tipped, I.0- 

2.0 mm. in length; petiole and pedicel glabrous ; 

pedicel and calyx with many bristles, mostly 
gland-tipped ; calyx finely tomentose; fruit red, 

round, medium size, soft, rather acid, midsea- 

son; drupelets medium to small...... OTHA 

(syn. Flaming Giant) 

I‘l*. Bristles on the petioles of the young cane not gland- 

tipped or rarely so. 
F. Tip of new growth yellowish green. 


Canes tall, moderately glaucous ; terminal leaf- 
lets narrow; bristles on the young cane com- 
mon, distinctly rigid and prickle-like; base of 
bristles about the same color as young cane; 
bristles on the petiole near the tip of the young 
cane, common, usually from 20 to 30 in num- 
ber, not gland-tipped, or rarely so, 1.5-2.0 mm. 
in length; petiole glabrous; pedicel slightly 
pubescent ; pedicel and calyx with few bristles, 
not gland-tipped; petiole of leaves on the 
young cane with occasional sessile glands, 
mostly at the junction of the lower leaflets and 
the petiole; similar sessile glands common on 
the pedicel and occasional on the calyx; calyx 
finely tomentose; fruit yellow, conic, medium 
to large, rather soft, midseason; drupelets 
SG) oe GOLDEN QUEEN 
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FF. Tip of new growth tinted with red. 


G. Petiole of leaves on the young cane with many 
sessile glands, mostly at the junction of the 


lower leaflets and the petiole. 


Canes tall, moderately glaucous ; terminal leaf- 
lets narrow; bristles on the youne cane com- 
mon, distinctly rigid and prickle-like; base of 
bristle about the same color as young cane; 
bristles on the petiole near the tip of the young 
cane common, usually from 20 to 30 in number, 
not gland-tipped, 1.5-2.0 mm. in length; petiole 
glabrous ; pedicel finely pubescent ; pedicel and 
calyx with few bristles, not gland-tipped ; ses- 
sile glands common on pedicel and occasional 
on calyx; calyx finely tomentose; fruit dark 
red, conic, large, firm, midseason; drupelets 
strat’: oom tetas eee CUTHBERT 


GG. Petiole of leaves on the young cane with ses- 
sile or stalked glands absent or very 
occasional. 


Canes tall, moderately glaucous ; terminal leaf- 
lets moderately broad; bristles on the young 
cane numerous, quite rigid and_prickle-like ; 
base of bristles about the same color as the 
young cane; bristles on the petioles near the 
tip of the young cane common, usually from 
20 to 30 in number, not gland-tipped, 1.0-1.5 
mm. in length; petiole glabrous, exceptionally 
short; pedicel finely pubescent; pedicel and 
calyx with many bristles, not gland-tipped ; 
calyx finely tomentose ; fruit red, round-conic, 
large, rather soft, midseason ; drupelets medium 
SIZE Hicete beeraloa Sereecraee ent Ae HERBERT 


AA. Canes recurving or spreading, with few to many prickles which 
are usually more or less hooked; fruit black or dull purple-red. 
B. Prickles present on calyx. 


Canes very tall, upright-spreading, moderately 
glaucous, with many very small sessile glands ; 
leaves at tip of cane slightly tinted with red; 
straight or slightly hooked prickles common on 
the young cane, not gland-tipped; prickles on 
the petioles near the tip of the young cane few, 
usually 10 to 15 in number, not gland-tipped, 
1.5-2.0 mm. in length; petiole glabrous ; pedicel 
and calyx finely tomentose with occasional ses- 
sile glands ; prickles common on the pedicel and 
occasional on the calyx; fruit broadly-round, 
midseason, large, firm, dull purple-red ; drupe- 
lets Larges ni ics (eee ees COLUMBIAN 
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BB. Prickles not present on calyx. 
C. Leaves at tip of cane tinted with red. 


Canes very spreading, almost trailing, very 
glaucous, with many very small sessile glands ; 
hooked prickles common on the young cane, 
not gland-tipped; prickles on the petiole near 
the tip of the young cane common, usually 10 
to 15 in number, not gland-tipped, 2.0-3.0 mm. 
in length; petiole glabrous; pedicel and calyx 
finely tomentose, with occasional sessile glands, 
prickles common on the pedicel and absent on 
the calyx; fruit round, midseason, medium to 
large, firm, glossy black, without bloom ; drupe- 
lehetatnem sinallisawh een. b eee ss. ass OLDER 


CC. Leaves at tip of cane not tinted with red. 


Canes tall, recurving, very glaucous, with many 
very small sessile glands; straight or slightly 
hooked prickles common on the young cane, 
not gland-tipped; prickles on the petioles near 
the tip of the young cane few, usually 5 to Io 
in number, not gland-tipped, 1.0-2.0 mm. in 
length; petiole glabrous; pedicel and calyx 
finely tomentose with occasional sessile glands ; 
prickles common on the pedicel and absent on 
the calyx; fruit conical, early midseason, large, 
firm, jet black, heavily glaucous; drupelets 
LO CRN Mel nears nels sci ae CUMBERLAND 


SUMMARY 


Nearly all red raspberries cultivated for their fruit in North 
America have been developed from the American red raspberry R. 
strigosus Michx. and from hybrids between this species and the Euro- 
pean red raspberry R. idaeus Linn. Many of the botanical characters 
which separate these two species can be used in the identification of 
horticultural varieties. 

The most useful characters for varietal identification are found to 
be the presence or absence of glands on the petiole, peduncle, pedicel, 
and calyx, and whether these glands are stalked or sessile; the form of 
the leaflets on the young canes, especially the width of the terminal 
leaflet in relation to its length; the character and abundance of bristles 
or prickles on the young cane, petiole, peduncle, pedicel, and calyx, 
especially their abundance on the petiole and the color at their base; the 
character of the fruit. 

A key to 16 varieties of red, black, and purple raspberries is in- 
cluded. This key is based, in so far as possible, on cane and foliage 
characters so that identification can be made at any time during the 
_ | growing season. 
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GLOSSARY 

Bristle Botanically the same as a prickle. Used to designate the typical 
straight, stiff, bristle-like prickle of the red raspberry 

Calyx The outer floral envelope, consisting of sepals 

Drupelet A small fleshy fruit with a pit or stone. The fruit of a rasp- 
berry is composed of an aggregation of drupelets 

Epidermis The outer layer, the skin of plants 

Glabrate Becoming nearly or quite smooth by the loss of pubescence 

Glabrous Smooth, i.e., without hairs or any form of pubescence 

Gland A surface or structure that produces nectar, resin, oil, etc. 

Glandular Bearing glands 

Glaucous Covered with a bloom, a bluish or whitish wax coating 

Hypanthium The cup-shaped structure that bears the sepals, petals, and stamens 

Inflorescence A flower cluster 

Pedicel The stalk of a single flower 

Peduncle The stalk of a flower cluster or of a solitary flower 

Petiole The stalk of a leaf 

Pistil The seed-bearing organ of the flower 

Prickle A sharp, needle-like outgrowth of the epidermis 

Pubescent Hairy 

Receptacle The end of a flower stalk bearing the flower parts 

Rugose Wrinkled, roughened 

Sepal One of the outer cycle of flower parts, usually green, a division 
of the calyx 

Sessile Without a stalk, seated 

Stamen The part of the flower that bears the pollen 

Stigma The portion of the pistil that receives the pollen 

Style The stalk-like portion of the pistil connecting the stigma and the 
ovary 

Tomentose Having a dense mat or covering of hairs 
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STUDIES ON THE NATURE OF PHYSIO- 
LOGIC RESISTANCE TO PUCCINIA 
GRAMINIS TRITICI' 


WattTer N. Ezexieu 


INTRODUCTION 


The cause of the resistance or the susceptibility of plants to the 
various Uredinales attacking. them has been extensively investigated. 
Such investigations have been handicapped by the fact that rust fungi 
have not been successfully cultivated under artificial conditions ; and for 
this reason research in this field in recent years has been limited largely 
to indirect, cytologic study of the processes involved. 

The Uredinales include very highly specialized parasites. Within 
the species Puccinia graminis tritici, numerous physiologic forms have 
been discovered by Stakman and Levine (30). These forms are iden- 
tified by their pathologic effect on varieties of Triticum spp: The dif- 
ferences by which these forms are distinguished are of a definite 
qualitative nature. The physiologic forms are classified merely by 
the type of infection produced. Thus, among the characteristics by 
which forms 18 and 109 are identified are differences in the reactions 
of Kanred wheat, C. I. No. 5146,? and Mindum, C. I. No. 5296. Kan- 
red seedlings are susceptible to P. graminis tritici form 18, that is, 
however many or few rust pustules develop, there are large uredinia 
which often coalesce, and there are no hypersensitive areas on the 
leaves. Kanred seedlings inoculated with form 19, on the other hand, 
are immune or resistant; there may be no macroscopic evidence of 
infection at all or there may be hypersensitive or necrotic areas sur- 
rounding minute, isolated uredinia. Precisely the opposite is true of 
the variety Mindum, which is resistant to form 18 and susceptible to 
orm 19. These are not the only differences between forms 18 and 19. 
Of the twelve wheat varieties used by Stakman and Levine to differen- 
tiate physiologic forms of P. graminis tritici, only seven react in ap- 
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proximately the same way to both forms. The complexity of the 
relation existing between the wheat plant and the parasite is evidenced 
by the fact that on the basis of inoculation tests on only twelve differ- 
ential wheat varieties more than fifty physiologic forms within P. 
graminis tritici have already been discovered by Stakman, Levine, and 
their associates. 

As was pointed out in a summary paper by Zimmermann (35), 
the relation is so complex that no single, common factor, such as the 
hydrogen-ion concentration of plants, for instance, could furnish an 
adequate explanation for physiologic resistance to the rusts. Physio- 
logic resistance might, however, be the result of a complex series of 
simultaneous gradations in a number of common factors in the host 
plants, or of differences in specific materials, such as proteins, in dif- 
ferent varieties and species. These differences might be assumed to be 
innate in the host tissues, or again, produced only following the stim- 
ulus of infection. The latter assumption, that vegetative growth of 
Uredinales is dependent on materials produced only in susceptible host 
cells and only after infection, would explain also the difficulty of 
growing rusts in artificial culture. 

‘Whatever the immediate cause of physiologic resistance to rusts, 
it seemed to the writer that it should be possible to find some clue to 
it by studying the growth of different physiologic forms of rust fungi 
in extracts from plants susceptible or resistant to them. Such studies 
have been carried out with physiologic forms of P. graminis tritici 
and extracts of wheat varieties. 

The investigations reported herewith were made with the dual aim 
of obtaining more direct information on the nature of resistance to 
rusts by a study of the growth of the parasites in extracts from host 
plants and on other substrata, and of attempting to develop methods of 
artificial culture applicable to Uredinales. Results relating to the first 
problem are considered in the present paper. 


HISTORY 


An elaborate summary of literature on the relation of Uredinales. 
to their host plants is available in Zimmermann’s monographic paper — 
(35), and discussion with special reference to the cytologic results in 
papers by Allen (1, 2, 3, 4), Rice (25), and Wellensiek (34). Only 
papers of direct interest to the present work will be mentioned here. © 

Ward (33), Stakman (28), and others showed that the germ tubes — 
of rust fungi may penetrate normally even into immune plants but — 
usually die soon afterward. Resistance in this case thus appeared to- 4 
be “physiologic” —the result of interaction of the host and the para-_ 
site—rather than the result of such morphologic differences as might 
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be concerned, for instance, in mechanical barring of infection by im- 
penetrable epidermis or stomata. Hence the obvious experimental 
mode of attack on the problem of resistance was to grow rusts on 
extracts from susceptible and resistant plants and observe the differ- 
ences; but this was apparently prohibited by the failure of efforts to 
grow Uredinales successfully in artificial culture. Few records of 
attempts in this direction are to be found in the literature, and the 
negative results of Ward (33) are doubtless typical also of other 
experiments that were unsuccessful and unrecorded. 

Ward (33, p: 261) wished to “test the possibility of the leaf con- 
taining some body in the cell-sap which inhibits or promotes the growth 
of the fungus; and I did so by making a cold-water extract of the 
pounded fresh leaves, rapidly filtering through a stone or other filter, 
and sowing the spores in the liquid both raw and boiled. In all cases 
control sowings were made in water, and only those results regarded 
where the controls showed the spores to be vigorous. 

“All attempts of this kind were in vain, however, since vigorous 
spores germinated equally well in extracts of the leaves of their own 
host-species and of their antagonistic host species. . . . The posi- 
tive results do show, however, that the failure of spores from B. 

mollis . . . . to develop pustules on B. sterilis, for instance, is not 
due to a mere exudation of some antagonistic soluble extract—that 
the antagonism must be due to something far more subtle than a mere 
soluble poison oozing from the cells.” 

Leach (17) tried to determine the possibility of toxin or antitoxin 

formation following invasion. He germinated urediniospores of P. 
graminis tritici in extracts from normal and inoculated wheat seedlings, 
_ but was unable to correlate variations in the percentage of germination 
and the length of germ tubes with the resistance of the host from which 
the extract was made. He suggested, however, that rust resistance 
might be due to specific nutrient requirements of rusts, which would 
_ be satisfied only in congenial host plants. 
_- Attempts have been made to correlate physicochemical properties 
of host plants with their resistance to rusts. Comes (7) suggested 
that the acidity of the cell sap was the property that enabled wheat 
plants to resist rusts. Miss Hurd, however, could not correlate the 
-hydrogen-ion concentration of the expressed juice of normal wheat 
plants of different varieties with their relative susceptibility to stem 
rust (13), nor the changing acidity of different stages of wheat growth 
(14) with any variations in susceptibility to rust during the develop- 
ment of the plant. : : 
- Hursh (15) found that urediniospores of some physiologic forms 
of P. graminis tritici appeared to germinate at slightly different ranges 
5 of temperature and acidity. He was, however, unable to correlate 
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physicochemical properties of juice from normal wheat plants of dif- 
ferent varieties with their resistance to- rust (16). 

Definite morphologic resistance has been shown to exist in the 
case of two stages of stem rust. Hursh (16) found that the mycelium 
of P. graminis is restricted in wheat stems to the collenchyma tissue, 
and thus explained the slight injury in varieties with little collenchyma ~ 
tissue as due to this mechanical limitation of the spread of the 
mycelium. He emphasized, however, that this morphologic resistance 
was concerned only in determining the amount of damage that might — 
occur in different varieties, and that “the differences in the reaction 
of wheat varieties to different biologic forms of P. gramumis tritici 
appear to be due entirely to physiologic causes.” 

Melander and Craigie (21) have studied the nature of resistance of 
species of Berberis to P. graminis. They found that species with epi- 
dermis resistant to puncture were usually resistant to infection also. 
However, the reverse was not true in all cases, and they conclude that 
there probably is physiologic resistance also. 


PRESENT INVESTIGATIONS 
Material and Methods 


All wheat varieties used were of the particular selections employed 
by Stakman and Levine (30) as differential hosts in the determination 
of physiologic forms of P. graminis tritici. Plants grown in the green- 
house were in five-inch pots of steam-sterilized soil. In the field, plants 
were drilled in rod rows as required. Greenhouse plants were grown 
on benches or in compartments that guarded against possible acci-. 
dental rust infection, while field-grown material was exposed to natural 
infection. 

In the preparation of extracts, plants were cut about one-half inch 
above the ground. ‘The entire aerial portion was used, except notice- 
ably dried or mechanically injured leaf tips, which were trimmed off. 
Grinding, when employed, was done in an ordinary meat grinder. 
The press cups used in the hydraulic press were of non-corrosive — 
“Monel” metal. Small Berkefeld or Mandler diatomaceous filters of — 
the coarser type (requiring only about five pounds of air pressure to — 
force air bubbles through the thoroly wet filter cylinders) were used — 
for ultrafiltration of plant extracts. 

Materials to be used as substrata, including sterile distilled water, : 
were stored in Pyrex tubes and flasks in the refrigerator. They were — 
handled in sterile pipettes, with the usual aseptic precautions, in pre- — 
paring dilutions from the concentrated materials. a 

: 


ey 


Agar was the diluent for the plant extracts of some series. In 4 
preparing cultures in these series, the melted agar was onl to 45 . 
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C. before the required amount of extract was added, and held at this 
temperature while drops were removed. 

Since observations were made of microscopic differences, hanging- 
drop cultures were employed almost exclusively. The substrata tested 
were therefore in contact only with cover-slips during the experiments. 
New cover-slips were used and cleaned as follows: autoclaved in clean- 
ing solution, rinsed in distilled water, scrubbed with a camel’s-hair 
brush under a stream of distilled water, rinsed and stored in alcohol. 
Glass rings and slides were also specially cleaned, stored in alcohol, 
and flamed off immediately before use. Rings were sealed to the 
slides with paraffin and to the coverslips with vaseline in the customary 
way. Hanging drops, of either liquid or melted agar substrata, were 
made with a needle loop of 4-mm. diameter; and this loop was not 
only sterilized but also washed between successive drops. No liquid 
was used at the bottoms of the cells. 

Identified physiologic forms of the various rusts under investiga- 
tion in the Division of Plant Pathology and Botany of the Minnesota 
Agricultural Experiment Station were available for inoculum. Most 
use was made of the forms of P. graminis tritici as identified by 
Stakman and Levine (30); and only a few cultures of P. graminis 
avenae, P. gramimis secalis, P. coronata, and P. sorghi have been 
‘studied. Usually only one strain of a given physiologic form was 
studied. The accession numbers of the particular strains of P. gram- 
inis tritici used in this work are listed in Table IV. 

Growth: was studied from urediniospore inoculation only. Inocu- 
lum was taken from inoculated plants, usually grown in pots in the 
greenhouse, but occasionally in large culture tubes. In either case, 
inoculum to be used in a given series was collected from plants of 
approximately the same age and at the same period of rust develop- 
ment. Little Club wheat, C. I. No. 4066, is susceptible to almost 
all of the forms of wheat stem rust studied and was used to develop 
inoculum in most cases. P. gramimis tritici forms 18 and 19, which 
vere studied most extensively, were carried along on Little Club plants 
in neighboring wards in the greenhouse, separated only by a sheet of 
glass ; and were periodically transferred at the same time to new plants, 
o furnish inoculum as uniform as possible. 

- For inoculation of cultures, urediniospores were taken from a num- 
ber of pustules on different leaves and mixed in a dry, sterile Petri 
i sh by stirring with a straight needle. A thin needle with a bent 
tip was run through this comparatively uniform mixture of. spores, 
tapped lightly against the dish a definite number of times to remove 
nost of the adherent spores and give a more regular number of spores 
‘per load, and then used to inoculate both of a pair of drop cultures. 
An inoculum of 50-150 spores per drop was customarily used except 
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when the density of inoculum was a variable of the experiment. In 
the case of liquid drops, the spores. were distributed quite evenly 
throughout the drops by vigorous stirring with the needle. In agar 
drops, spores were distributed by touching the needle very lightly 
to the surface of the drop at a number of points in rapid succession, 
and the spores here were present in groups at some points in each 
drop and singly at other points. 

During the whole investigation, all cultures were incubated in the 
dark at 20° C. or within about one degree of this temperature. Growth 
was usually complete in about 17 hours and measurements were made 
from 19 to 23 hours after inoculation. These were checked by final 
observations again in three days to a week, and the slight additional 
growth noted on rare occasions was added to the first figures. The 
results presented below are then the total growth obtained in various 
substrata under the conditions of the experiment rather than the growth 
within any specified time. 

Observations were made on the living, unstained material. In 
most experiments the notes included counts of the number of spores in 
the drop, counts or estimates of the germination, codified notes on 
the general type of growth occurring, and measurements of 10 spore- 
lings selected at random in different parts of the drop. As all cul- 
tures were run in duplicate, there were 20 sets of measurements for 
each dilution of each substratum tested. This appeared to be a fairly 
representative sample of the cultures, but further accuracy could have 
been obtained by additional replication. Growth was measured only 
in the case of spores sufficiently separated from others in the drop so 
that it could be seen that no fusion of adjacent sporelings had occur- 
red; as when this happens the resulting growth may be much longer 
than that from a single spore. Measurements were made of the length 
of the main germ tube, and of the total length of all branches. Coiling, 
circumnutatory growth is frequent in urediniospore germ tubes and these 
measurements were partly estimates of the lengths of such curved 
portions. However, their reliability was indicated by the close agree- 
ment of successive sets of measurements in the same cultures. The 
same microscope and ocular micrometer were used throughout the 
investigation. 


Characteristics of Physiologic Forms of Puccinia Spp. 
in Hanging-Drop Cultures 


The varieties and physiologic forms of P. graminis were originally ~ 
differentiated only by the reactions of the various host plants. Stak- 
man and Levine (29, 18) have pointed out consistent differences in 
color, shape, and size of urediniospores of varieties of P. graminis; é 
and Levine (19) demonstrated distinct differences between uredinio- 
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spores of physiologic forms within P. graminis tritici. Physiologic 
differences between these forms were noted by Hursh (15) in his 
studies of the relation of temperature and hydrogen-ion concentration 
to the germination of urediniospores. 

In the work with hanging-drop cultures reported herein, the writer 
has found additional and readily demonstrable differences between the 
physiologic forms included. Growth was studied from about 200,000 
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urediniospores, and was measured for about 22,000 of the sporelings 


obtained. In very few of the cultures was the growth obtained much 
greater than that shown by Sappin-Trouffy (26), Plowright (23), and 
others. It was found that even this slight growth, extending usually 
less than 1000 p» and reaching its maximum development in less than 
24 hours, showed definite, constant characteristics which differed not 
only for urediniospores of the same physiologic form on different 
media, but also for germ tubes of different physiologic forms grown 
under identical cultural conditions. 


oF Fig. 1. Growth from Urediniospores of P. graminis tritici Physiologic Forms 18 and 19 
on A, form 19, and B, form 18; in sterile, distilled water, 25 hours. C, form 18 and 
_D, form 19; in extract from normal Kanred plants, centrifuged and ultrafiltered (Table 


XXII) and diluted to 0.01 with sterile, distilled water, 2 days. Outlined with camera 
lucida, X 200. 


_ Typical sporelings of form 18 and form 19, shown in Figure 1, 
A and B, illustrate differences characteristic of the growth of these 
forms in many substrata. The germ tubes of form 18 are longer than 
those of form 19, are coiling, and have few branches which, if present, 
are usually toward the tip. On the other hand, germ tubes of form 
19 are shorter and rarely coiling, and have many branches which arise 
ichotomously at intervals along the entire germ tube and give it a 
i ae apie. 
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Differénces between germ tubes of the various physiologic forms 
are both qualitative and quantitative. The length of germ tubes, length 
of branches, and abundance of apical swellings are characteristics which 
were conveniently recorded quantitatively. These were considered 
fully in study of the results. 

Other prominent differences are more of a descriptive nature and 
are not readily recorded quantitatively. For example, germ tubes may 
develop in a coiling or circumnutatory manner or remain quite straight ; 
branching may be simple or dichotomous; and branches may be dis- 
tributed along the germ tubes or localized near the tip or the base. 
Such differences have been observed, together with numerous grada- 
tions and combinations of them. Some of these differences are meas- 
urable, but summation or averaging of the measurements would hardly 
be valid and comparison of them would be difficult. These more quali- 
tative differences have therefore been ignored in summarizing these 
studies. 


Germination 


Urediniospores of P. graminis have a number of germ pores, usu- 
ally four, arranged equatorially. When the spores are placed in water, 
growth starts usually from two or more of the germ pores. There is 
apparently a strong “apical dominance” in the growth of the germ 
tubes, however, and only one germ tube develops to any considerable 
length. 

In the laboratory the percentage of germination of urediniospores 
is frequently nearly 100 per cent in distilled water. The percentage 
of germination is not a good criterion for the comparison of sub- 
strata from this angle, as higher percentages would be impossible. 
The writer has found also that the percentage of germination may 
vary more with the age or methods of handling the urediniospores— 
than do the characteristics of the germ tubes produced from these 
spores. In the present study the percentage of. germination has accord- . 
ingly been considered only in occasional experiments. ; 


Length of Germ Tubes 


As used in the present paper, “length of germ tube” is considered 
the length of the mycelium from the spore to the tip, or if a side branch : 
was longer than that which seemed to be the main germ tube, to the” ; 
tip of this branch. Length of germ tubes varies widely with changes ; 
in the environmental conditions, and, as shown below, even with the 4 
number of spores with which a drop is seeded. Variations according — 
to environment are not necessarily the same for different: phystaioge 
forms of the same species. Thus, on one substratum germ tubes of 
a form may average distinctly longer than those of another, while n 
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a different substratum the relation may be just the reverse. Hence 
differences between physiologic forms based on lengths of germ 
tubes apply only for conditions specified. 

This is demonstrated well in Table I with forms 18 and 19 of 
P. graminis tritici. In both sets of cultures on plain, one per cent 
agar, germ tubes of form 18 were nearly twice as long as those of 
form 19. In the dilute Shive’s solution agar, however, germ tubes of 
form 19 invariably averaged longer than those of form 18. This rela- 
‘tion between the growth of these two physiologic forms on plain agar 
and on Shive’s agar was constant not only for the series listed in 
Table I but also in numerous experiments in which these physiologic 
forms were used repeatedly as checks in plain agar and Shive’s agar. 


TABLE I 
Errect or DIFFERENCES IN THE SourcE oF INOCULUM AND or CuLTURE MEDIA ON THE 
CHARACTERISTICS OF PuysioLocic Forms or P. graminis tritici In HANGING- 
Drop Curtures, IN Dupiicate at 21° C, 


Physiologic Ratio, lengths Relative 
Sources of forms of P, Mean lengths of branches abundance 
inoculum Substrata graminis of germ tubes, over lengths of apical 
tritict in microns of germ tubes swellingsT 
Plants inoculated Plain 1% agar 18 310 ° T= 
36 days previ- 19 160 .174 ? 
1 ously; pustules Dilute Shive’s agar* 18 157 -109 + 
3253080 
19 256 -147 ? 
Plants inoculated Plain 1% agar 18 403 .008 + + 
ii 15 days previ- 19 260 -120 + 
pasty; peabales Dilute Shive’s agar* 18 208 .098 ? 
still fresh 
19 241 .206 _ 


* Shive’s “‘best’’ solution (20) diluted to 0.1 concentration in one per cent agar. 
7+ + + = numerous apical swellings; + = few; ? = doubtful; — = none. 


be 


a Relation of density of inoculum to length of germ tubes.— 
7 All-the various substrata tested, including the checks in sterile distilled 
_water or plain agar, were run in duplicate for each physiologic form in 
- each experiment. The average lengths of germ tubes producd in such 
duplicates were rarely closely similar. It was soon noted that germ 
tubes seemed to be longer in the drop that had been seeded with the 
greater number of urediniospores. Some variation between duplicates 
_was to be expected, but the possibility that much of this variation might 
_ be due directly to differences in the density of inoculum made it de- 
a sirable to study the relation of this factor to growth. 

_ The results in distilled-water check cultures, from various experi- 
_ ments, were first considered. The relation between the number of 
spores per drop and the mean lengths of germ tubes obtained is shown 
in Figure 2 for such a collected series of cultures of form 18, and in 
: Figure 3 for form 19. In both cases a definite positive correlation is 
evident between the number of spores present per drop and the mean 
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length of germ tubes produced. The correlation is + .49 + .og for 
form 19 and + .43 + .o9 for form 18. These correlations may be 
interpreted as indicating that with form 18 approximately 18 per cent, 
and with form 19 approximately 24 per cent, of the total variation in 
lengths of germ tubes shown in the graphs can be explained by differ- 
ences in the density of inoculum. 


g 


400 


300 


200 


Meal) /€nGtl? OF JEITI TUDES - fh 


L 
50 ./00 50 200 250 300 G50 aoe 
Numnbel Of UTEDITIOSPILES PCr Argo 


ea 
oq 
iS) 


Correlation of Number of Urediniospores of Physiologic Form 18, P. graminis 
tritici, per Drop of Sterile, Distilled Water, with the Mean Length of 
Germ Tubes Produced. r= + .427 +.090 


It is to be remembered that the individuals of these series were not 
directly comparable, as they were merely check cultures picked out 
from series of cultures during a period of nearly three months. Varia- 
tion owing to differences in the inoculum used (tho of the same 
strains of rust and from the same host plant, differing at times as to 
age of the pustule from which it was taken, seasonal differences in 
greenhouse conditions under which sporulation occurred, etc.), as well 
as possible slight differences in the cultural conditions, was to be 
expected. The true correlations here are doubtless considerably 
higher. 

Data secured with other forms tended to confirm the validity of 
this relation. Some cultures of P. graminis tritici forms 1 and 14 
were seeded at varying rates, all in hanging drops of Shive’s “best’’ 
solution (20) diluted to 0.1 in distilled water and adjusted to ee 3.2 

‘with N/1oo HCl. 

In 7 cultures of form 1, the mean lengths of germ tubes varied al- ~ 
most directly with the amount of inoculum (Fig. 4), from*45 p in ay | 
culture with 15 spores to 597 « in one with about 2,100 spores. The 
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correlation for the series. was + .93 + .033. With the 16 cultures 
of form 14 (Fig. 5) a mean length of germ tubes of 128 » was pro- 
duced in drops containing 50 urediniospores, while in a drop contain- 
ing 670 spores the mean length was 420 ». For this form the correla- 
tion was + .95 + .o18. 
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‘Fig. 3. Correlation of the Number of Urediniospores of Physiologic Form 19, P. graminis 
tritici, per Drop of Sterile, Distilled Water, with the Mean Length of 
Germ Tubes Produced. r= + .492 + .090 


Whatever the cause of this increase of growth with increase of 
density of inoculum, the fact that it does occur appears unquestionable. 
Also, since it is impracticable to set up extensive experiments of this 
‘kind with a very carefully controlled number of spores in each drop, 
results of growth in various substrata should be corrected for this factor 
efore they are strictly comparable, if small differences are to be 
ignificant. Such a correction has been used at times with forms 18 
and 19 on the basis of the data shown in Figures 2 and 3. The regres- 
ion formulae calculated from these figures were possibly better for 
his purpose because of the fact that the data concerned were com- 
0sites of many series; and the mean check values calculated were per- 
haps more truly representative than if they had been based on the 
esults of single series. 

Values. were calculated along the regression lines for cultures of 
fo orms 18 and 19, respectively, at each change of five spores per drop. 
ais paoushes estimated “check” cultures with densities of inoculum 


14 MINNESOTA TECHNICAL BULLETIN 67 


corresponding to those of any cultures that might be considered. Such 
estimated check values were usually subtracted from the average length 
of germ tubes obtained experimentally in the media tested, thus elimi- 
nating density of inoculum as a variable factor. The results were 
considered “net increases,” either positive or negative, in length of 
germ tubes for the particular substrata used in the experiment as 
compared to growth in sterile, distilled water. As a matter of fact, 
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Fig. 4. Correlation of the Number of Urediniospores of P. graminis tritici Physiologic 
Form 1, per Drop of Diluted Shive’s Solution, with the Mean Length of 
Germ Tubes Produced. r = + .933 + .033 


however, this interpretation is not always quite correct. It presupposes — 
that the rate of increase with density of inoculum will be the same in — 
each substratum tested as it is in water, which is probably not true. — 
This rate appears to be lower in most substrata than it is in distilled 

water. 
To minimize error, therefore, the amount of inoculum has been ~ 
kept as nearly constant.as possible, even tho a correction for density 

of inoculum could be applied. In any case, use of the estimated check — 
values has furnished a method of showing that observed results in 
tests of substrata are probably due to the factors under examination ~ 
rather than to variations in density of inoculum. Application of the — 
correction formulae to substrata other than distilled water probably 
over-corrects for differences in density of inoculum; and experimental 
results would appear unimpeachable from this angle when the same rela- 


Be Pe ieee ey 
oe Sora et 
Aiea : 
PHYSIOLOGIC RESISTANCE TO P. GRAMINIS TRITICI 15 


tion is shown, whether or not the estimated check values have been 
Pe used, 

Density of inoculum and length of germ tubes in agar drops.— 
- The correlations shown above were of growth in liquid substrata. 

Many other series were run in which the nutrients were diluted in one 

per cent agar. While the density of inoculum did not appear so im- 

portant here as in liquid media, it seemed desirable to ascertain whether 

it needed to be considered as a factor. 
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Fig. 5. Correlation of the Number of Urediniospores of P.: graminis tritici Physiologic 
we Form 14, per Drop of Diluted Shive’s Solution, with the Mean Length of 
Germ Tubes Produced. r= + .945 +.018 


: Forms 1, 18, and 19 of P. graminis tritici were seeded at varying 
; rates in hanging drops of plain, one per cent agar. The results con- 
firmed those previously obtained. The length of the germ tubes of 
each form increased with increased density of inoculum (Fig. 6). On 
the agar, however, growth was relatively greater at the lower con- 
_ centrations of inoculum than in liquid substrata. In the latter, the 
regression lines, showing the best estimated values of lengths of germ 
tubes on the basis of density of inoculum, tend to approach zero as 
the density of inoculum decreases. In the agar cultures, on the contrary, 
with even fewer than 10 spores in a drop, the germ tubes usually aver- 
2 aged more than 200 » in length. 

- _ Further correlations of growth with density of inoculum have been 
~ made, using assembled data of the growth in plain, one per cent agar 


ie 


drop cultures boas were run from time to time as checks for different 
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series. The results, along with the three correlations discussed above, 
are given in Table II. 

Decided positive correlation may ie noted in the case of each 
rust form used. The coefficients of correlation, as might be expected, 
are higher in series in which there were fewer cultures. The regression 
equations in the last column of Table I] give the method by which 
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Fig. 6. Correlation of the Number of Urediniospores per Drop of Plain One Per Cent Agar 
with the Mean Length of Germ Tubes Produced 
Left to right, physiologic forms 1, 18, and 19. Upper row based on results from 
single series, lower row on assembled data from several series. Coefficients of correlation 
in Table II. 


probable values can be assigned to lengths of germ tubes on the basis 
of the number of spores per drop. In these equations the constants by 
which “A” (the number of spores) is multiplied express the rate at 
which increase in number of spores increases length of germ tubes; 
while the second constant of each equation is the estimated length of 
germ tubes with “o” spores per drop, and is added to the first product to > 
obtain the actual length in microns. Both of these constants varied 

with the different forms. There appears little reason to doubt that — 
variation of this sort actually exists between physiologic forms of P, ~ 


PHYSIOLOGIC RESISTANCE TO P. GRAMINIS TRITICI 17 


TABLE II 
_ Summary oF CoRRELATIONS OF THE NUMBER OF UREDINIOSPORES PER Drop AND THE MEAN 
: LEenGTH oF GERM TuBES PropuceD, In ONE Per CENT PLAIN 

Acar HANnGInG-DROP CULTURES 


Physiologic forms No. of 


of P. graminis cultures Coefficients of 3 Regression equations* 
tritict per series correlation 
a It + .547 4.142 X= .922A + 268 
; iat 8 4 £646 + 139 Se a eee en Ee 
iy 97 8 + .691 + .124 X= .895A + 230 
s 17t 12 + .569 + .132 X= .456A + 310 
4 187 17 + .598 + .105 X = 1.68 A+ 220 d 
. 18 8 + .658 + .135 X= .722A + 500 § 1.201 -- 360 
= rot 18 + .339 4.141 X= 523A + 272 | | o24A tata 
19% 7 4b LYS X = 1.525A + 352: 24 . 
) 277 8 + .687 + .126 X= .382A + 217 
Mean regression value, used later in correction of 
experimental results for variations in density 
yh ale: LEST ORI Pee Ota a X= .8&7A+ 


* X = estimated lengths of germ tubes, in 4; A = number of spores. 
7 Assembled data from several series. 
+ Data from a single series. 


 graminis tritici. It is quite probable, for instance, that both the rate 
of increase and the characteristic constant to be added are higher for 
form 18 than for form 109. 

_ On the other hand, equations calculated from single series of cul- 
_ tures grown simultaneously are quite different for each form from 
ce calculated from assembled data of many series. Such variation 
_ might be encountered in any series to which these equations might be 
applied ; therefore it has seemed needless to try to use individual equa- 
tions for the different forms. The equation averaged from those 


in Table II has been used instead, in correcting results, with any form 
of P. graminis tritici, for differences in density of inoculum in agar 
drops in the experiments to be considered below. 

_ The results given in Figures 2 to 6 and Table II show that in drop 
cultures inoculated with urediniospores of P. graminis tritici the mean 
length of germ tubes increases with the density of inoculum. The cause 
is not yet known, but the following explanation appears probable. 
Urediniospores contain stored materials which migrate into the germ 
tubes as growth starts. A portion of these materials may diffuse 
lore or less slowly out of the germ tube into the surrounding sub- 


ting materials in the drop available for absorption by germ tubes. 
he difference between results in liquid and agar drops is also ex- 


would be much slower than in liquid drops; hence, even at the lowest 


Be 


oncentration of inoculum, we should expect the relatively long germ 
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tubes which were actually found. Such variation according to density 
of inoculum as does occur in the agar cultures is probably the result — 
of diffusion of materials in a surface film of water, rather than of dif- 
fusion through the agar. While it is probably the area of mycelium 
present per drop that affects the length attained per germ tube, what 
was counted (as a matter of convenience) was the total number of 
spores present. The correlations above might be still higher were they 
calculated instead from the number of spores that germinated. 


Length of Branches and Branching Ratios 


The total length of branches of the germ tubes was secured simply 
by summation of the length of all branches. There is considerable 
variation in the extent of branching of different physiologic forms, even 
of the same species. This is shown not only in the length of the 
branches, but also in the number of branches per germ tube. The 
number and size of branches is, of course, affected by cultural condi- 
tions also. 

In comparing branching in different substrata or by different forms 
it has been convenient to correct for the differences in extent of growth 
in different media by using a “branching ratio,” obtained by dividing 
the average total length of branches per germ tube by the average 
length of germ tubes. This ratio is larger than the portion of the total 
vegetative growth of the young sporeling that consists of branches. 
Thus, with a germ tube measuring 200 » and branches totaling the same 
length, only half of the total growth would consist of branches. The 
branching ratio (200 divided by 200) would, however, be 1.0. Further- 
more, these ratios are based on the extent of branching only, without 
regard to the number of branches per germ tube that may be included 
to make up the total length of branches. 

Differences in branching ratios of different physiologic forms are 
relatively constant and have been of value in the comparison of 
substrata. 

Apical Swellings on Germ Tubes 


It has been observed previously that the dense spore contents of 
germinating urediniospores migrate out into the germ tube (Fig. 7, A) 
and toward its apex. Not infrequently these materials reach the tip 
of the germ tube, which may then become more or less inflated and 
appear somewhat sporelike. Such inflations of the tips of rust germ 
tubes were described by Tulasne (31, p. 152) as early as 1854, and 
have been noted since by Plowright (23), Biisgen (5), Hitchcock and 
Carleton (12), Sappin-Trouffy (26), and Spaulding (27). They have 
been considered generally merely as anomalous growths due to the 
abnormal conditions of artificial culture. . 
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Apical swellings have been produced, apparently normally, by all 
the physiologic forms of all species studied during this investigation, 
tho not necessarily at the same rate in each case. The bodies have been 
produced on a wide variety of substrata: distilled water, plain agar, 


aps , Fig. 7. A, progress of spore contents toward tip of a germ tube of form 1, in an 
agar hanging-drop culture at room temperature of 21° C. Time since inoculation, a, 3 hours; 

_ b, 3 hours, 45 minutes; c, 4 hours; d, 5 hours; and e, 23 hours. 

r B to F, apical swellings on tips of germ tubes of P. graminis tritici in hanging-drop 

_ cultures. B, D, and E, form 1; C, form 14; and F, form 23. Substratum plain one per 

cent agar, except for D which was in extract from normal Kanred plants diluted in agar 

to .o1. (Table XXVII.) Camera lucida, X 400. 


Shive’s solution, M/1o0o dextrose solution, wheat extracts, autolyzed 
_ yeast decoctions, etc. They have been seen on sporelings quite isolated 
from any other growth in the cultures, so that fusion of colonies is 
F not a prerequisite for their production. 
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Series of hanging-drop cultures of various physiologic forms of 
P. graminis tritici, P. gramimis avenac, P. gramunis secalis, and P. 
coronata avenae were grown on plain agar for the express purpose of 
studying the apical bodies. They were found in cultures of all the 
rusts mentioned. The swellings usually were spheric to clavate, with 
dense, brown contents but without definite septation from the germ 
tube, as shown in Figure 7, F, and Figure 8, A, B, and C. Less fre- — 
quently these swellings were divided from the germ tube by a well- 
developed wall, and occasionally the swelling itself was septate as 
shown in Figure 7, C, D, and E. Typical swellings when first formed 
were nearly the color of normal urediniospores, and the most highly 
developed very closely resembled teliospores. In a single case it was 
observed that the apical swelling on a germ tube of P. coronata bore 
on its tip a number of denticulate outgrowths very similar to those 
present on normal, mature teliospores of this species. 


Fig. 8. Apical Swellings in Hanging-Drop Cultures in Plain One Per Cent Agar 7** 
A, P. graminis avenae form 4 (Acc. No. 8406); B, P. graminis secalis form 11 (Ace. 
/No. 1317); C, P. graminis secalis (Acc. No. 1374); and D, P. coronata avenae (Hi 
Parson’s Acc. No, 6). Camera lucida, X 400. 
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No further development of these bodies has been observed. At 
least in the hanging-drop cultures studied, they appear to reach their 
fullest development within 24 hours, tho additional septation apparently 
may occur (or possibly merely becomes more noticeable) up to 36 or 
48 hours, after which, gradual degeneration usually starts. The con- 
tents of the inflated tip lose the brown color derived from the trans- 
located urediniospore material and become first olivaceous or greenish 

_ brown, then densely protoplasmic but hyaline, and later more and more 
-vacuolate. (See Fig. 9, B.) 


Fig. 9. A, unusual type of degeneration of apical swelling, P. coronata avenae (H. E. 
Parson’s Acc. No. 6). 
; B, usual slow degeneration of apical swellings. P. graminis tritici form 29, culture 
| on plain one per cent agar, drawn 15 days after inoculation. Note vacuolation even of 
_ the tips of the germ tubes. Outlined with camera lucida, X 400. 


} Apical swellings on germ tubes of P. coronata generally were of a 
: ‘less clearly defined shape than those of P. gramunis tritici. Those 
3 shown in Figure 8, D, are quite representative of certain series. An 
2 unusual type of disintegration observed in one case with P. coronata is 
E shown in Figure 9, A. This germ tube was in a hanging-drop culture 
on plain agar, incubated for 17 hours at 21° C. The culture was taken 
‘out of the incubator for microscopic examination at room temperature, 
about 26° C. Just as the swelling shown in Figure 9, A, had been 
noted, about 20 minutes after the slide was removed from the incu- 
bator, the contents apparently exploded the side of the inflated tip. 
The oily droplets that exuded were brown. 

As mentioned above, apical swellings are not produced in the same 
‘abundance by different physiologic forms of the same species. For 
example, they were produced on a much higher percentage of germ 
ubes of form 18 than of form 19 of P. graminis tritici, and this rela- 
ion held true through many series during a period of two years. 
: ‘Similarly, some physiologic forms of P. graminis tritici, such as forms 
ai ‘and 23, produced these bodies in profusion, frequently on nearly 
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every germ tube in a series, while other forms produced very few. 
The rate of production seemed roughly proportional to the abundance 
of teliospore production by these forms on plants of Little Club wheat 
in the greenhouse. The production of teliospores by 8 physiologic 
forms of P. graminis tritici on Little Club wheat seedlings that were 
grown in the greenhouse in large glass tubes on cotton moistened with 
Shive’s solution is recorded in Table III. Notes on tubes in which 
plants had been inoculated one, two, and three months previously 
are included ; but unfortunately there were only a few plants infected 
with each physiologic form. In general, the physiologic forms that 
produced large numbers of apical swellings in artificial culture also 
produced teliospores abundantly on Little Club plants, which are sus- 
ceptible to all of the forms included in Table III. There would be 
much closer correlation here except for the few apical swellings 
produced by form 27. The apparently aberrant relation of this and 
other physiologic forms to which Vernal emmer is susceptible will be 
discussed in some detail later. 


TABLE III 


ComMPaARISON OF ABUNDANCE OF TELIOSPORES PRODUCED oN LitTLE CLUB WHEAT SEEDLINGS, 
Grown In Grass TuBES, WITH THE ABUNDANCE or ApitcaAL SWELLINGS PRODUCED 
BY THE SAME PuysioLtogic Forms oF P. graminis tritici IN PLAINn- 
Acar Hancinc-prop CuLtTures 


Average percentage of apical 


Physiologic forms Teliospores on Little Club swellings on germ tubes in 
of P. graminis tritici wheat plants artificial cultures 

14 None 5 
19 do 6 
21 Occasional 29 
I do 47 
18 do 22 

eit do 16* 
23 Profuse 49 

27* do rr 


*Forms 15 and 27, to which Vernal emmer is susceptible, are aberrant in most 
classifications of these results, 


The evidence at hand on the morphologic resemblance of apical 
swellings to the teliospore stage of rusts, and on the somewhat low 
correlation of the rate at which they are produced with the abundance 
of normal teliospore production on wheat plants, is perhaps insufficient 
to prove that apical swellings on urediniospore germ tubes are actually 
immature teliospores. The writer would suggest that this is probably 
the case, altho conclusive proof is still lacking. 

Relation of density of inoculum to production of apical swell: 
ings.—Altho the length of germ tubes was affected to a marked) 
degree, both in liquid and agar drops, by the numbers of spores present 
per drop, there did not appear to be so pronounced an effect of density. 
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of inoculum with regard to the percentage of germ tubes that pro- 
duced apical swellings. In general, the relation seemed to be that the 
fewer the spores per drop, the more abundant the apical swellings. 

Data are given in Figure 1o for the production of apical swellings 
and the number of spores per drop in a collected series of cultures 
of P. graminis tritici form 1 in plain agar. The correlation here is 
low (— .253 + .145) but still plainly negative. 


Production of apical Lodies-Yo 
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E. Fig. to. Correlation of the Percentages of Germ Tubes Producing Apical Swellings, in 
Plain-Agar Drop Cultures of P. graminis tritici Form 1, with the 
Numbers of Spores per Drop. r= — .253 4.145 


Corrections in results of experiments in which the amount of inocu- 
lum varied were occasionally made on the basis of the regression line 
shown in Figure 10, thus using the regression equation with form I 
as a general one to apply to all physiologic forms of P. graminis 
_ tritici on plain agar. This usage is not quantitatively correct but has 
_. probably not introduced any important error into the results. 
be The relation here was to’ be expected, in that increased density 
of inoculum had an effect on the production of apical swellings oppo- 
site to that found for the length of the germ tube. Germ tube elonga- 
_ tion rather clearly represents vegetative growth, while the apical swell- 
‘ing appears to indicate a tendency toward reproduction, even if abor- 
tive.- It is possible that germinating urediniospores, almost irrespective 
_ of envifonment, tend to enter a resting stage quickly, and transfer their 
contents into teliospores, unless some rather specific conditions inhibit 
_ reproduction and permit vegetative development. 
Relation of production of apical swellings to the host range 
‘of physiologic forms.—There were marked differences between 
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physiologic forms with respect to the percentage of germ tubes that 
produced apical swellings. The question arose as to the physiologic 
significance, if any, of these differences. 

Parson (22) had noted considerable differences in the readiness ~ 
with which physiologic forms of P. coronata avenae produced telia on 
host plants, and concluded that “it seems likely that there is a correlation 
between the narrow pathogenic specialization of a strain and early 
formation of telia, but this cannot yet be stated with certainty.” Since 
it was suspected that the apical swellings produced on urediniospore ~ 
germ tubes were immature teliospores, the possibility that the rate of 
production of these bodies also might be associated with the narrow- 
ness of the host range was investigated. 

The average percentages of apical swellings produced by germ 
tubes of 19 physiologic forms of P. graminis tritici are listed in Table 
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Fig. 11. Relation of the Mean Production of Apical Swellings by Physiologic Forms of 
P. graminis tritici in Plain One Per Cent Agar Hanging-Drop Cultures, 3 
to the Host Ranges of These Forms 
Forms to which Vernal emmer is susceptible are shown in circles. Omitting these _ 
forms and form 39, r = + .791 + .067. : 


IV and shown graphically in Figure 11. The percentages are fairly 

accurate; enough cultures of most physiologic forms were grown so | 
that the average percentages were changed only slightly when results — 
from individual cultures were corrected for variations in density of — 
inoculum. There were 7 physiologic forms to which more than 5 of. 
the 12 wheat varieties are resistant. Apical swellings were produced 
on more than 30 per cent of the germ tubes of all but one of these 
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on 


forms. On the other hand, there were 12 physiologic forms to which 
5 or fewer wheat varieties are resistant. Apical swellings were pro- 
duced on less than 30 per cent of the germ tubes of all but two of these 
forms. In other words, physiologic forms of P. graminis tritici with 
relatively restricted host ranges usually produced more apical bodies 
than those forms with wider host ranges. 


TABLE IV 
PERCENTAGE OF APICAL SWELLINGS ON UREDINIOSPORE GERM TuBES OF PHYSIOLOGIC Forms 
or P. graminis tritici In PLatn, One Per Cent AGAR HANGING-pROP 
Cuttures, anpD Host RanGes or THE Forms 


Host range. Percentage of germ 

Physiologic forms of No. of the 12 tubes producing apical 

P. graminis tritici*® differential wheat varieties swellings, corrected to 

resistant to the form 50 spores per drop 
I (Ace. No. 2) 6 47 
9 (Ace. No. 1576) <2 58 
14 (Ace. No. 581) 3 5 
15 (Ace. No. 840) I 16 
17 (Ace. No. 1312) 3 19 
18 (Acc. No. 957) 5 22 
19 (Ace. No. 1297) 4 6 
> 21 (Acc. No. 1497) 4 20 
F 23 (Acc. No. 1281) 8 49 
x Petty (Ace. No. 846-c) 8 II 
— 29 (Ace. No. 738)” 5-51 36 
34 (Acc. No. 1575) 3 18 
36 (Acc. No. 1097) 5.57 31 
38 (Ace. No. 794-b) 5.57 37 
"i 39 (Acc. No. 1163) 3 46 
hk 39 (Acc. No. 1605) 3 48 
; 40 (Acc. No. roto-e 2) 3 4 
4 41 (Ace, No. rot1o0-f) 3.5T 9 
a 42 (Acc. No. ro10-i) 3 0 
. 43 (Ace. No. 1569) 8 41 


* Numbers in parentheses are University of Minnesota, Division of Plant Pathology 
and Botany accession numbers. 

; } Varieties in which the heterogeneous or “‘X’’ type of infection occurred were counted 
as half resistant. 


This relation is shown also by correlations between the number of 
"varieties resistant to physiologic forms and the percentages of apical 
wellings produced by them. Including all forms shown in Table IV 
-and Figure 11, r= + 205 -- 144. 

_ The discrepancies in these results are of special importance in that 
1ey occurred also in some other series to be discussed below. It is 
vident that forms 9, 27, and 39 constitute exceptions to the general 
esults. Considering only the other forms in Figure 11, it would appear 
that form 27 produced fewer apical swellings than would be expected 


giecent isolations of form 39 have been tested (Table IV), itt almost 
ae results. . _ The validity of the eprgecuthy aberrant figures ap- 
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Considering again only the general course of the results, form 15 
appears also to lie at a definite distance above the expected curve. It 
is to be noted further that Vernal emmer is resistant to almost all of 
the identified physiologic forms of P. graminis tritici. Of the first 
43 forms studied by Stakman, Levine, and their associates, there are 
only 6 to which this variety is susceptible. The 4 forms included in 
these studies are indicated in Figure 11 by circles around the form 
numbers. Of these 4 forms, 3 were aberrant to the general course of 
the results. Whether this relation is other than fortuitous remains to 
be determined and will be discussed further below; but for the present 
we may assume that those forms that attack Vernal emmer success- 
fully have some common characteristic which differentiates them from 
most of the other forms of P. graminis tritici. This common charac- 
teristic so affects the growth of these forms in plain agar drop cul- 
tures that the production of apical swellings is not indicative of the 
host ranges of the forms. If we omit from the calculation those forms 
to which Vernal emmer is susceptible, the correlation becomes much 
higher, r = + .597 + .112. If we further omit form 39, tho without 
explaining why it should be grouped with the “Vernal emmer group,” 
the correlation becomes appreciably higher again, r = + .791 + .067. 

These results indicate strongly that in P. graminis tritici the physio- 
logic forms that are weaker pathogenically, if that term may be used 
in speaking of forms with relatively more restricted host ranges, produce 
high percentages of apical swellings on uredinial germ tubes in plain, 
one per cent agar; while forms with wide host ranges produce fewer 
of these apical, teliospore-like bodies. A definite group of physiologic 
forms, including form 39 and those tested to which Vernal emmer is 
susceptible, do not fit this general correlation. In view also of further 
results with these forms, it appears probable that they differ in some 
fundamental physiologic relation from the many others that have been 
studied. Whether this difference involves factors that are concerned 
also in parasitism, or is merely a peculiarity of response to cultural 
conditions that masks the usual correlation, cannot be stated from the 
results at hand. 


Puccinia graminis tritici in Extracts from Host Plants 


The concept of the physiologic nature of resistance to rusts has ~ 
rested to a certain extent on negative evidence. Varietal resistance to ~ 
the different physiologic forms of P. graminis tritici could not be ex- — 
plained in other ways, as for instance, by morphologic characteristics — 
of the host; the hypothesis that resistance is owing at least in part 
to differences in the value of different plants as substrata for the rusts’ 
remained as a possible explanation. The significant differences were — 
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variously assumed to be materials present or produced in resistant 
plants, but absent in other plants, which inhibited growth of the para- 
site (33); or materials present only in susceptible plants, which fur- 


 nished nutrients necessary to the development of the fungus (17). 


Direct attack on the problem was attempted in the present work by 


culturing urediniospores of various physiologic forms of P. graminis 


tritici in extracts from different wheat varieties. Introductory series 
were run first, mostly with extracts expressed after freezing the 
tissues. The results appeared of some value, but were finally con- 
sidered inconclusive as the methods used were in process of develop- 
ment and each successive refinement tended to throw doubt on the 
validity of earlier data. Thus, it was found that anastomosis of adja- 
cent sporelings resulted in longer growth than that secured from a 
single spore, so that for length of germ tube measurements it was 
necessary to select spores well separated in the drop cultures. The dis- 
covery that the length of germ tubes is influenced by the density of 
inoculum, made it desirable to count the number of spores in each drop, 
for accurate comparison. 

The preliminary series were, however, of some value in addition 
to that of affording the opportunity of perfecting the technique. They 


showed that germination counts were much more variable, within pre- 


sumably similar conditions, than growth measurements. In view also 
of the fact that germination of rust spores occurs readily in distilled 
water, and apparently with little regard to host relations, germination 
counts were not included in the later experiments. 

It was found that wheat extracts required considerable dilution be- , 


- fore urediniospores could germinate and growth occur (illustrated also 


in Tables VI, VIII-XII, XVI, and XVII). Growth was often poorer 
in extracts diluted to .o5 than in the checks; while in further dilutions 
to .005 it was considerably better than in check cultures. Minute pro- 
portions of host-plant extracts were thus sufficient to influence the 


growth of the rust. 


The following experiments were performed with the improved 
methods described and have furnished direct evidence that there is a 


& physiologic basis for resistance to Uredinales. 


Experiment I 


Methods: Kanred and Mindum wheat were sown in rows in the 


field, August 17, 1926. The plants were exposed to natural infection, 
_ but were attacked to a very slight extent, if at all, before harvest. The 
dates of harvest and methods of extraction used for the different lots 
are given in Table V. It is to be noted that the extracts in lots 2, 6, 
7, and 8 were not diluted during preparation, while the decoctions of 
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lots 3, 4, 5, and 9 were necessarily in water; and that these’ differences 
in original concentration of the plant extracts were disregarded in the 
further dilution for culture substrata. All materials were used as pre- 
pared, and in further dilutions with sterile, distilled water to .25, 0.1, 
OI, and .ooI, as substrata for hanging-drop cultures of physiologic 
forms 18 and 19 of P. graminis triciti. Duplicate hanging-drop cultures 


were inoculated with urediniospores of each physiologic form with each 


dilution of each extract or decoction. The two wheat varieties react 
reciprocally to these physiologic forms. Kanred is susceptible to form 
18 and practically immune from form 19, while Mindum is resistant 
to form 18 and susceptible to form 19. 


TABLE V 


Procepures Usep 1N EXPERIMENT I FOR THE PREPARATION OF EXTRACTS FROM 


Kanrep and MinpumM S&reEpDLINGS 


Lot Material Preparation Sterilization 
2* Mindum plants, Ground; pressed in Monel metal Filtered aseptically through 
cut September cups by direct hand pressure sterile filter paper 
25 only 
3 200 gm. plants, Ground; steamed in 500 cc. dis- Autoclaved 15 minutes at 
cut September tilled water in Arnold sterilizer, 15 pounds pressure 
28 2 hours; filtered through cheese- 
cloth and filter paper 
4 200 gm. plants, Ground; steeped in 500 cc. cold, Ultrafiltered through Berk- 
cut September distilled water, at 22° C., 4% efeld filter 
29 hours; strained through cheese- 
cloth 
5 200 gm. plants Ground; steeped in 500 cc. cold, Autoclaved 15 minutes at 
cut September distilled water, at 22° C., 4% 15 pounds pressure - 
29 hours; strained through double 
cheese-cloth and double filter 
paper 
6 500 gm. plants, Ground; pressed at o pressute Ultrafiltered through Berke- 
cut October 10 (hand pressure only); filtered feld filter 
through filter paper 
7 (Material left in Pressed at 0-50 kgm. per cm in Ultrafiltered through Berke- 
press from lot hydraulic press; filtered through feld filter 
6) filter paper 
8 (Material left in Pressed at 50-150 kgm. per cm.? Ultrafiltered through Berke- 


press from lot 


7) 


in hydraulic press; filtered 


through filter paper 


feld filter 


(Material left in 
press from lot 
8) 


Stored two days in refrigerator; 
heated in 500 cc. distilled water 
in autoclave, 15 minutes at 15 
pounds; decanted; filtered hot 
through filter paper 


Autoclaved 15 minutes at 
15. pounds pressure 


*Mindum only in this lot; all others apply to Kanred and Mindum. 


Length of germ tube results.—The length of germ tube meas- | 


urements of these series have been studied in some detail (Tables VI 


to XIII). As shown above, germ tubes of form 18 sporevaes are 


= 
Pate 
ae aes 


ay 


a oe ee, ee ee 
ley pela yada 


ee re ee ee! 


5 ities | Nc ae 


= 


a es 


oe ae 


both of these factors. 


Pee TS ek ee ee ee 


ct 
= 


ee of the ges aa cultures, minus ae mean divergence of actual checks of particular 


PHYSIOLOGIC RESISTANCE TO P. GRAMINIS TRITICI 20 


longer than those of form 19 when grown in purely synthetic media 
and under precisely similar conditions. Direct comparison of the 
growth in plant extracts would therefore be misleading and difficult 


to interpret. We might obviate this difficulty by comparing the magni- 
tudes of differences observed here between the two forms with those 


observed between the checks—cultures in distilled water—in each series. 
However, it was also shown above that the lengths of germ tubes in 
drops of sterile, distilled water, as of other media, are greatly affected 
by the numbers of urediniospores used in inoculating the drops. The 
following proved an expeditious way of correcting simultaneously for 


TABLE VI 


Net Increases 1n LenctHs or Germ Tuses or P. graminis tritici Forms 18 AND 19 IN 
Extracts FROM KANRED AND Minpum WueEat, Ditutep IN STERILE, DistitLED WatTER* 


Net increases diluted 0 of germ tubes, in microns, in 
d 


Physiologic extracts diluted to concentrations indicated 
Lot No. Wheat forms of. : : 
extracts P. graminis Mean, all con- 
tritici centrations 1.0 25 Be -O1 .OO1 
2 Mindum 18 48 was cae 162 —30 12 
: 19 299 Ro ee 363 498 196 138 
3 Kanred 18 36 refer —58 46 48 106 
19 132 HEAD saree 107 162 128 
Mindum 18 al —70 —49 218 O4 10 
19 38 atthe 112 —53 160 —68 
4 Kanred 18 230 ne 63 442 394 22 
19 189 171 345 95 147 
Mindum 18 3 —10 60 2 —61 
19 96 164 177 73 = si 
5 Kanred 18 86 —99 280 97 114 39 
: 19 I —58 —I101 68 TI4 —17 
Mindum 18 70 31 266 —5 10 49 
" 19 ar —90 157 15 102 — 3% 
6 Kanred 18 287 ae 191 176 324 457 
19 147 142 162 193 92 
és -Mindum 18 ° sone Pte, —8o 82 —2 
: 19 53 —191 I 339 
‘7  ~Kanred : ms 18 154 Gite 38 162 70 346 
‘ 19. 105 wyeeerd 72 242 76 29 
Mindum 8 39 nee 53 —38 17 123 
‘ 19 82 — 43 193 97 
eit) Kanred 18 —59 Rracets Pitas 6 GF —20 —99 
19 50 —92 19 —94 
Mindum 18 175 ae 235 Rais 287 2 
19. 89 tee 31 143 94 
9  Kanred 18 710 234 51 eS 0 0 
} 19 0.5 teats 41 46 —128 43 
Mindum <3 18 —1I2 —14l —107. —104 SS silo 
; 19 3 Rees —9 —27 25 22 
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TABLE VII : 


Net Increases In LencTHS oF Germ TuBEs oN KANRED AND MinpuM SusBsTRATA, AS COMPARED 
to EstiMATED GrowTH IN STERILE, DisTILLED WATER, ExpRESSED aS MEAN 
VALUES, INCLUDING ALL CULTURES IN THE SERIES AND Dis- 

REGARDING THE VARYING DILUTIONS OF SUBSTRATA 


Means of increases in lengths of germ tubes, in microns 


Physiologic Lots 2, 4, 6, 7, and 8 Lots 3, 5. and 9 

Wheat forms of All lots (not heated during cheated, during 
extracts P. graminis preparation) preparation) 

tritici - - eg sa ee Se 

(a)* pa Cb) (a) (b) (a) (b) 
Kanred 18 121 98 197 183 9 13 
19 86 72 86 107 74 31 
Mindum 18 8 26 45 49 —46 —0.3 
19 39 86 86 133 —32 24 


* (a) Increases estimated from checks calculated by formula only, that is, corrected 
for variations in density of inoculum but not for differences between series, 
(b) Corrected also by divergence of the actual checks of the individual series from 
estimate (as in Table VI) so that results are completely comparable. 


Tables of estimated length of germ tube values for different num- 
bers of spores per drop of distilled water were calculated from the 
data of Figures 2 and 3 for the two forms. From these tables “esti- 
mated check values,’ which represented growth in distilled water 
drops containing the same numbers of spores as each hanging-drop 
culture under consideration, were selected for each of the duplicate 
cultures of each form. These estimated tube lengths were subtracted 
from the mean lengths of germ tubes in the cultures. This single sub- 
traction corrected the measurements (1) for differences in the density 
of inoculum of different cultures, and (2) for the average difference 
between lengths of germ tubes of the two physiologic forms considered. 


After this subtraction, the results in duplicate cultures were averaged . 


and thereafter considered together. 

Up to this point the actual checks of the series were disregarded, 
largely to facilitate use of the correction for differences in density of 
inoculum. The checks could not be disregarded altogether since it was 
desired to put series run at different times on directly comparable bases, 
and the checks of individual series usually showed a tendency for series 


as a whole to diverge in one direction or the other from the averages — 


used in calculating the estimated checks. Comparing the actual check 
measurements of series. with estimated checks of the same densities of 
inoculum, definite figures were therefore obtained which represented 


the divergence of each check from the average. Averaging the individ-— 


ual divergences, a figure was secured which represented the mean 


divergence of the series for each form; and this was used to correct — 


the results in the wheat extracts throughout the series. The ‘ eae 


increases in length of germ tubes” obtained after this second correc- | 


tion, listed in Table VI, appear as nearly perfectly comparable as pos- — 
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sible with the information at hand. In the specific case of the two 
form-18 drop cultures in lot 6, Kanred extract, diluted to .o1 in dis- 
‘tilled water, the calculations involved were as given below: 


Culture Culture 


a b 
Means of original measurements of lengths 

of germ tubes (there was unusually close 

agreement of duplicates here.) ........ 518u 513m. 
Number of urediniospores per drop ........ 69 50 
Estimated check values, that is, estimated 

lengths of germ tubes in distilled water 

drops of corresponding densities of in- 

Meets LTGP coral, rcs ital Sevaceseli@ s Lwies» 1814 165. 
Recorded lengths minus estimated checks ..  337y 348 
Amenage tor the duplicate cultures ..i002 cic ec ewes a meee ees de 343 
Divergences of measurements in actual check 

cultures of this series from estimated 

checks with the same density of inocu- 

WPGC MACHLIAL CHECKS) 5, cre c.c ss aiee sree: sreiniouclsse «isreie a ae bos = 53 

+ 92 
PMC RCHIVELOCICOSE cii. Ao ages tis leis, vies tacit Wis delaiwtia an iso 'seale nis + 39 
Meamudivercence, for: the SEES. ....6.02 200s ones neiee gloves es + 19 


3434 — 19n = 324p, the net, corrected increase in length of germ 
‘tubes as used in Table VI. 


The final corrected values indicate the increases only and are 
therefore smaller than the actual recorded lengths. Positive values 
indicate longer growth than in the checks and negative values the 
reverse. 

It is evident from Table VI that the effect of extracts of either 
variety was usually to increase the length of germ tubes of both forms 
except in the most concentrated of the extracts of each series in which 
growth occurred. In Kanred extracts the increase was usually greater 
with form 18 than with form 19, but in Mindum extracts the greater 


_ increase was usually with form 19. This is demonstrated by the mean 


values for the different series, and for the experiment as a whole in 
Table VII, in which all the net increases from Table VI are averaged. 
Table VII includes also averages of results calculated without correc- 
tion for the divergence of the actual checks from estimated check 
values. By both methods there was an average greater growth of 
form 18 in the Kanred series and of form 19 in the Mindum series. 


‘ By both methods of calculation, this was true of the combined 
. “increases in lots 2, 4, 6, 7, and 8, which were not heated during prep- 
aration. With lots 3, 5, and 9, on the other hand, the increases in 
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the case of form 19 were greater than those of form 18 in the Kanred 
series as well as in the Mindum series. 

The results given in Table VI were also considered by comparing 
the increase in each solution for the two forms. This was conveniently 
done by subtracting each form-19 “net increase” from the correspond- 
ing form-18 value. Positive differences indicate that in the particular 
substratum there were greater increases with germ tubes of form 18 
than with those of form 19; negative differences indicate the reverse 
(Table VIII1). Therefore, both the positive values shown for most 


-of the Kanred extracts and the negative values for most of the Mindum 


extracts agree with the hypothesis that length of germ tubes is increased 
to a greater extent in extracts from susceptible plants than in those 
from resistant plants. 

TABLE VIII 


DIFFERENCES BETWEEN Net INCREASES IN LENGTHS oF GERM T'uBES OF FoRMS 18 AND 19* 


Differences between increases for forms 18 and 19, in microns, 
in extracts diluted to concentrations indicated 


Lot No. Wheat —— 
extracts Mean, all 
concentrations 1,0 +25 <2 OT .OOL 
2 Mindum —278 cain Reet —336 —226 —126 
3 Kanred —66 wea eze estate —61 —1I4 —22 
Mindum 31 Sues —161 271 —66 78 
4 Kanred 41 pees —108 97 299 —125 
Mindum —130 rate —104 —153 —134 
5 Kanred 85 —41 381 29 ° 56 
Mindum 6 121 109 —20 —92 80 
6 Kanred 140 Raters 49 14 131 365 
Mindum —53 arate Eure III 70 —341 
7 Kanred 49 eer 34) —8o 6 - Sgt 
Mindum —48 anon raat 5 —176 26 
8 Kanred —22 Bene oRrey uae —39 —! 
Mindum 26 ayers PRE rene 144 —92 
9 Kanred —40 Sree se) 44 19 108 
Mindum —107 Sou —o98 —77 —40 —213 


* Net increases, as given in Table VI, for form 19 were subtracted from the cor- 
responding values for form 18, 


Further condensation of results was obtained by subtracting the 
Mindum values from the corresponding Kanred values of Table VIII. 
These final subtractions yielded single figures, as given in Table IX, 
for each dilution of each lot, representing the summation of the dif- 
ferentiation between form 18 and form 19 in both the Kanred and the 
Mindum extracts prepared by the various methods. The series of 
subtractions involved in this summation of differentiation is expressed 
in the following algebraic equation, in which all the original values are’ 
“of the net increases in lengths of germ tubes, as given in Table VI: 
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summation = (form I8xanrea — form I9xKanrea) — 
(form 18 Minaum  s, form TQminaum) - 


Positive values obtained by this method indicate that elongation was 
increased to a greater extent in the extracts from susceptible varieties, 
and negative values that it was increased to a greater extent in extracts 
from the resistant varieties. In Table IX positive numbers predomi- 
nate. The largest numbers, indicating most decided preferential elonga- 
tion in susceptible rather than resistant extracts, are in the lots in 
which extracts were prepared without heating, that is, lots 4, 6, 7, 


and 8. 
TABLE IX 
Summation or Lenctu or GERM-TuBe RESULTS OF EXPERIMENT I, WITH VALUES CORRECTED, 
AS FOR TasLes VI anv VIII, For Variations 1n Density or INocuLUM 
AND Aso FOR DiIvERGENCES OF SERIES FROM EstiMaTeD MEANs* 


Summation of length of germ tube results, in microns, in extracts 
diluted to concentrations indicated 


Lot No. 
Mean, all 

concentrations TO +25 a0 .OT O01 

4 —160 aie Arte (— 332) —48 —100 
4 4 226 hes (—4) 250 433 Sa xe 
5 45 (— 162) 272 49 92 24 

6 223 Ante bites: (—97) 61 706 

7 125 NA Baan (—8s) 170 291 

8 —48 aioe Prats aig (— 183) 87 

9 67 Bees (108) 33 21 105 


* Differences between net increases in lengths of germ tubes of forms 18 and 19, 
as given in Table VIII, for Mindum substrata were subtracted from the corresponding values 
for Kanred substrata. Positive numbers resulting from this final subtraction indicate that 
elongation was increased to a greater extent in extracts from susceptible varieties, negative 
numbers that it was increased to a greater extent in extracts from resistant varieties. 


More decisive, and perhaps more accurate, comparison of lots is 
obtained when the last figures to the left in each row of the results in 
the individual dilutions (the figures in parentheses in Tables IX- 
XII) are omitted. It will be noted that the values are quite generally 
at variance with the others of the series. This is owing perhaps in 
part to the direct effect of the more concentrated extracts in inhibiting 
_ growth to such an extent as to obscure differences due to the varietal 
sources of the extracts, and in part to the fact that these numbers were 
of necessity based on fewer measurements than in the case of growth 
in more dilute substrata, since germination as well as growth was re- 
-__ duced in the higher concentrations. Considering, then, only those num- 
‘3 bers to the right of the numbers in parentheses, it is to be noted that all 
the negative ones are included in the series in which the extracts were 
heated. : 

Tables X, X1, and XII were calculated to show that the results 
above were not based on errors due to the method of calculation. These 
tables are final summations of the results of subtractions -as used in 
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TABLE X 


Lenctu or Germ Tuse Resutts or ExpeRIMENT 1. SUMMATION AS IN TaBLE IX, Except 
WITH VALUES CORRECTED FOR INDIVIDUAL VARIATIONS IN DENSITY OF INOCULUM BY 
THE Use or Estimatep Cuecxs, But Nor CorrecTEep ror SERIES DIVERGENCES 


Summation of length of germ tube results, in microns, in extracts 
diluted to concentrationg indicated 


Lot No. 
Mean, all 

concentrations T.0 +25 Ap .O1 .OO1 
3 —62 mates ae (—234) 51 —2 
4 227 AGG (—3) 251 433 eager 
5 —48 (—254) 179 —43 ae —119 
6 171 igi siahane (—99) 19 592 
7 227 ate Jes (46) 278 358 
8 137 Bale Awigs its (7) 268 
9 —4l bricks (63) —97 —106 —24 

TABLE XI 


Lenctu oF Germ Tune RESULTS oF EXPERIMENT 1. SUMMATION As IN TABLE IX, Except 
WITH VALUES CORRECTED BY THE ACTUAL CHECK CULTURES OF EACH SERIES 
AND Not CorRECTED FOR VARIATION IN DENSITY or INOCULUM 


Summation of length of germ tube results, in microns, in extracts 
diluted to concentrations indicated 


Lot No. 
Mean, all 

concentrations 1.0 -25 Ps -O1 -OOL 
3 ae zeus (—235) 116 78 
4 227 ade (22) 222 438 Slate 
5 5) C70) 205 —26 —53 30 
6 176 eine (—17) —17 562 
7 30 atta ants (—97) 32 Iss 
8 —8o0 arate Saad ei (—228) 68 
9 143 as (307) 92 70 104 


TABLE XII 


Lrenctu or Germ TusBe RESULTS oF EXPERIMENT 1. SUMMATION AS IN TABLE IX, Excerpt 
WITH ORIGINAL, UNCORRECTED VALUES* 


Summation of ie of germ tube results, in microns, in extracts 
iluted to concentrations indicated 


Lot No. - 
Mean, all 

concentrations 1.0 +25 Si .Or O01 
B —82 ees sce (—304) 48 _10 
4 233 alone (22) 222 455 Sartre 
5 47 (—26) 266 20 9 —36 
6 262 Pate pie (109) 118 558 
7 152 gti eas (24) rete) 278 
8 203 SoM Bae Soars (46) 360 
On 2 Sle (150) —61 —32 —49 


* The values tabulated here from the uncorrected measurements are the same as would 
be obtained by still another method of calculation, the use of an averaged check value for 
all form 18 cultures and a similar mean check for all form 19 cultures, as such average 
check corrections cancel out in the repeated subtraction used in the summation. 


preparing Table IX, but differ in that the original values used in these 
subtractions were calculated again, independently, by the various 
methods indicated. Thus, Table X is based on the original measure- __ 
ments corrected only for variations in density of inoculum and for °«— 
the average difference between forms 18 and 19, without using the 
actual checks of the series at all, thus obviating the possibility of bias 
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from them; Table XI is based on measurements corrected only with 
the actual checks of the series; and Table XII is based on original, 


uncorrected values. 


Surprisingly close agreement was obtained by these various methods 
of calculating the results. Throughout the four tables, only one nega- 
tive value was obtained for any of the concentrations to the right of 
the parentheses in lots 4, 6, 7, and 8. In the lots that were heated 
during preparation. on the contrary, there were 17 negative values. 
Averages of the results for the two series of extracts are given in 
Table XIII and demonstrate again the validity of the conclusion above. 
Irrespective of the method of calculation used, results in the unheated 
series are definitely in agreement with the hypothesis that elongation 
is increased to a greater extent in extracts from susceptible varieties. 
The lowest value obtained for the average increase was 104, and the 
highest, 314. It is to be remembered, however, that this is the sum 
of the average increase or decrease of both forms in both the Kanred 
and Mindum extracts. 


TABLE XIII 


Means or TABULATED SUMMATIONS OF THE EFrecT oF KANRED and MinpuMmM ExvtTRACTS IN 
DIFFERENTIATING Forms 18 AND 19 BY THE INCREASES IN LENGTHS OF GERM TuBES* 


Means of summations, in microns 


. ; ie Lots 4, 6, 7, and 8 Lots 3, 5, and 9 
Corrections applied to individual values (unheated in preparation) (heated in preparation) 
(a)t (b)7 (a) (b) 
For variations in density of inoculum 
and by actual check values (Table 
MOM oe h dae cra lose eos ope en ojes6 We) gaa 148 285 I 44 
For variations in density of inoculum 
(Leib NOT So] PSS es A 195 314 —49 —18 
By. actual check values only (Table 
DO) 0 4 OL aE RIES 104 209 42 56 
Uncorrected (Table XII) .......... 213 306 —0.5 19 


* Positive numbers indicate that elongation was increased to a greater extent in extracts 
from susceptible varieties, negative numbers that it was increased to a greater extent in 
extracts from resistant varieties. . 

t (a) Including all cultures of the series. 

(b) Excluding results in the~highest concentration of the substrata in each series in 
which comparison was possible. 


With the series that were heated during preparation no such con- 
sistent differentiation was secured. The results for the different lots 
varied with the methods of calculation, and the averages in Table XIII 
show that in these series there was only negligible, if any, tendency 
for increase in elongation to be associated with the resistance or sus- 
ceptibility of the varieties to the physiologic forms. 

Branching ratios.—Germ tubes of form 19 characteristically 


_ branch more than those of form 18 on most substrata. This was true 
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in the present experiment, both in dilutions of the plant extracts and 
in sterile distilled water. Branching ratios—total lengths of branches 
divided by lengths of main germ tubes—for corresponding cultures 
in the same medium were often 10 to 20 times larger for form 19 
than for form 18, with occasional ratios as large as .23 and .36 for 
form 1g in solutions in which the promycelia of form 18 did not branch 
at all. Table XIV lists these results as net increases or decreases, ob- 
tained by subtracting the ratios for the check cultures of the individual 
series from the respective ratios in extracts. The values here are there- 
fore directly comparable between forms and presumably between series. 


TABLE XIV 


Net IncrEASES IN Brancuine Ratios, P. graminis tritici FoRMs 18 AND 19, IN EXTRACTS 
From Kanrep AND MinpuMm Wueat, DituTep In STERILE, DisTILLED WATER* 


Net increases in branching ratios, in extracts diluted 


Physiologic to concentrations indicated 
Lot No. Wheat forms of. == : saan 
extracts P. graminis Mean, all 

tritici concentrations 1.0 -25 ay -O1 -OOT 
2 Mindum 18 .087 aaye)e eens ° +16 +10 
19 sI92Z apne —.10 OF +23 -63 
3 Kanred 18 .085 Semis Pay -14 =.06 —.05 
19 -287 Pc ee weer -29 -22 +35 
Mindum 18 —.044 ke 07 —.06 0) —.11 
19 —.180 —.04 —.27 —.14 —.27 
4 Kanred 18 -007 veaee 01 -O1 0 -04 
19 065 fe) —.09 20 15 
Mindum 18 .O17 —.02 ——.02 107; 204 2 ee 
19 030 or oL l-2 + Oe 04 
5 Kanred 18 1042. —.05 —.01 .07 ° +20 
19 520 —.03 25) 07 15 16 
Mindum 18 -009 —.10 —.055 aE —.10 —.01 
19 —.021 —.17. —.085 —.07 02 20 
6 Kanred 18 —.041 payee —.065 —.045 —.02 ~—=.035 
19 m= OZOl = (spa ace —.115 —.005 —.03 .005 
Mindum 18 -O11 500% 6 Saierere -057  —:003 —.02 
19 O15 — 53 13 045 
7 Kanred 189 —.065 Pontes —.05 _ —.08 —.05 = 58 
19 039 —.045 -035 -045 12 
Mindum 18 Ls oy ie, Sanaa ree, .04 ° -06 -O1 
19 .070 Pe BOS OCr -20 —.o1 02 
8 Kanred 18 0 a heiace peer seers an "lor 
19 ORT Se ety yess sae Umeter shay -OT =O 06 
Mindum 18 Ouse OMG merese —.02 see —.04 03 
19 —.057 ecpetare eat eevee —.02 —.10 —.05 
z 9 Kanred 18 -060 —.05 —.o1 735 105 | 04 
19 520 Orme ceiarere -26 +31 -60 =. 05 

Mindum 18 .082 —.o1 —.07 “32 ee .05 : 
19 “225 itlenaoe —.18 | -97 -06 .05 

_* Branching ratios = total lengths of branches divided by lengths of main germ tubes. — 


Increases figured from branching ratios in distilled water checks of the individual series, 


> 
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As there is only very slight correlation of branching ratios with the 
number of spores per drop, corrections for variations in density of 
inoculum were unnecessary. 

In all the 7 Kanred series, the means of increases in branching 
ratios for form 18 were lower than for form 19. In 4 of the cor- 


_ responding Mindum series, also, the increases for form 18 were smaller 


than those for form 19, but in each of these cases the difference was 
less than in the respective Kanred series. There is a tendency for 
branching ratios to be greater in extracts from the resistant varieties 
than in extracts from susceptible varieties. 

This- relation is more readily evident in Table XV, in which are 


listed the differences between corresponding branching-ratio increases 


for forms 18 and 19. Positive values indicate that branching of form 
18 increased more than that of form 19, negative values the reverse. 
In the Kanred series there are accordingly 18 negative values and only 
7 positive values, while in the Mindum series there are 17 positive to 
the 10 negative values. Moreover, comparing the Kanred with the 
Mindum values, it will be noted that the latter are almost always 
larger. This is true with the means for the series in all except lot 6, 
where the difference is negligible. 


TABLE XV 
DiFrERENCES BETWEEN Net INCREASES IN BRANCHING Ratios or Forms 18 anp 19* 
Differences between increases in branching Average 
ratios, for forms 18 and 19, in extracts differ- 
diluted to concentrations indicated entiation: 
Wheat 2 — ; 2 Kanred 
Lot No. extracts Mean, ail mean minus 
concen- 1.0 +25 ay or -OOL Mindum 
trations mean 
2 Mindum —.210 ae ore t etitis -07 —.17 —=.53 
3 Kanred a7 Toe Riarntohle mela viel fe SaaS) ie 2B AO —.432T 
Mindum oh a eee mee 21 .14 -16 
4 Kanred PROB aaevere. a ——.01 10). ==s24 ee Ti —.o6o0t 
Mindum FLOOR Macvwe us —.03 —.04 TOS: Aetetaie ate 
5 Kanred Be 078) 1,02" 2 =-26 Gi. Resse 04 —.1087 
Mindum .030 .07 .03 338 2312-0 2 
6 Kanred —.002 —<.... -050° —.040 Ol —,03 .002t 
Mindum ROOM nn ae hd aeiha ly =e faxes -187° —.133 —.065 
7, Kanred —.0902 ...ee :040 —.115 —.095 —.20 —.o4st 
Mindum 047 ane ie —.20 .07 —.Or 
8 Kanred —,.020 BAD wh cea sohe a ete .O1 —.05 —.105f 
- Mindum OOS crete cane ariuttssts Roaiane .09 .08 
9 Kanred eZOb ue fiviniee. S27 70 -—e5 8 04 —.360t 
: Mindum Bid TS d tea Ap: ‘or 14 16 


_ * Net increases, as in Table XIV, for form 19 subtracted from corresponding values 
for form 18. : 
7 Extracts heated during preparation. 
+ Extracts not heated during preparation. 
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Comparison of results with regard to the heating of extracts during 
preparation is of interest. When the means of values for the Mindum 
cultures are subtracted from those for the Kanred cultures, values are 
obtained which represent the average of all differentiation for each lot, 
as indicated in the last column of Table XV. There was better dif- 
ferentiation of forms to which the varieties are susceptible or resistant 
in the extracts that had been heated during preparation (lots 3, 5, and 
g) than in the others (lots 4, 6, 7, and 8)—an effect exactly opposite 
to that noted in the differentiation on the criterion of increase in length 
of germ tubes. 

Summary of Experiment 1.—In hanging-drop cultures with 
extracts from normal Kanred wheat plants, germ tubes of form 18 
were increased in length, as compared with check cultures, to a greater 
extent than was the case with germ tubes of form I9 as compared 
to checks of form 19. In Mindum extracts, elongation of form 19 
was correspondingly favored more than that of form 18. The average 
length of germ tubes increased more, in each case, in the extract from 
the susceptible variety. This relation appeared in the original measure- 
ments and still held when results were corrected for differences in 
density of inoculum, for differences between series, etc. The branch- 
ing ratios, on the other hand, were increased to a greater extent in 
extracts from resistant varieties. 


Experiment 2 
Another series of plant extracts was prepared from Kanred, Min- 
dum, and Little Club wheat seedlings, planted in the greenhouse May 
21 and cut June 6, 1927. Approximately the same method of extrac- 
tion was used as that for lot 4 of Experiment 1 (Table V). Plants 
were cut, washed with distilled water, ground, steeped for 3 hours in 


a quantity of distilled water equal to 2% times the green weight of 


the plants, the liquid squeezed by hand through cheesecloth and ultra- 
filtered. Since some of the distilled water used in washing the plants 
always remained, the final filtrates were assumed to contain about .25 
concentration of actual plant extract, and further dilution was made 
on this basis. Each extract was diluted in plain one per cent agar to 
final concentrations of .1, .or, and .oo1 for drop cultures. Three 


physiologic forms of P. graminis tritici were used as inoculum. The 


actual reactions of plants of the three varieties to these forms is shown 
in the following scale, running from “o” for immunity to “4” for 
extreme susceptibility : 


Physiologic form Little Club Kanred Mindum 
I 4 (0) I 
18 4 4= — 


19 4 0; 4= 


‘ 
a 
: 
; 
3 
a 
: 
@ 
4 
8 
a 
; 


7) we Le we 
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The lengths of germ tubes produced in drop cultures of the extracts 
are given in Table XVI. These measurements have been corrected for 
variations in density of inoculum (using the averaged regression value 
derived from study of a number of forms of P. gramuinis tritici on 
agar drops, as explained above, Table II). They are thus directly com- 
parable, each representing the residual length of germ tubes after all 
increase from density of inoculum has been removed; or in other 
words, representing the residual “constant” at the base, or at “o” 
number of spores per drop, of a number-of-spores to mean-length-of- 
germ-tube graph for each form on each substratum. 


TABLE XVI 


Lrenctus or Germ TuBEs oF PuystoLocic Forms 1, 18, AND 19 oF Puccinia graminis tritici IN 
ExTRACTS FROM THREE WHEAT VARIETIES, DILUTED IN PLaIn ONE PER CENT AGAR* 


Lengths of germ tubes, in microns 


Physiologic - 
forms of | In extracts diluted to 
Wheat extracts P. graminis concentrations indicated In plain 
is tritici - - - agar checks 
oi .O1 .0OL 
Little Club I 264 165 211 249 
18 351 405 457 247 
19 245 373 235 > 332 
Kanred | I 99 127 125 134 
18 344 198 179 331 
19 152 230 209 255 
Mindum I 234 445 400 408 
18 323 460 512 606 
19 211 406 427 358 


* Corrected for variations in density of inoculum. 


The values given in Table XVII have been further corrected for 
differences between the series by subtracting from each measurement 
for a diluted extract the check value for the particular series. 


TABLE XVII 


INCREASES IN LENGTHS OF GERM TuBES oF PHystoLocic Forms 1, 18, AND 19 IN EXTRACTS 
FROM THREE WHEAT VARIETIES DiLtuTED IN ONE Per Centr AGAR, AS COMPARED 
— to Lenetus 1n CHECKs* 


Increases in lengths of germ tubes, in microns, in 


@ Physiologic extracts diluted to concentrations indicated 
Wheat extracts forms of . 
P. graminis Mean, all 
triticr concentrations ak -O1 .OO1 
Little Club i — 36 15 — 84 —38 
18 D57 104 158 210 
19 —48 97, 41 —97 
Kanred I iy 315) eri =9 
. A 18 EOL 13 = 533 qal52 
( 19 —58 —103 —25 re 
Mindum i —48 174 37 —8 
18 at — 283 —146 =94 
19 —T0 —147 48 69 


* Corrected values, from Table XVI, for mean lengths of germ tubes in extracts, 
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In this experiment, the extracts generally inhibited growth as com- 
pared to that in the checks. Of the 27°sets of cultures in extracts, 
growth was less than that of the checks in 18, as shown by minus 
numbers in Table XVII. There was increased growth in only 9 cases. 
Of these, 8 were in the 15 sets with forms in extracts from varieties 
susceptible to those forms; while only one case, form I in .OI concen- 
tration of Mindum extract, was in the 12 sets of cultures in extracts 
from resistant plants. The average of growth minus that of respective 
checks for all cultures in susceptible extracts was about — 5,, or, 
even omitting the form 18 series in Little Club extracts, in which 
there were exceptional increases, only — 46; while for cultures 
in resistant extracts the average was —74y. It may be mentioned . 
that this relation appeared also when the original data were tabulated 
‘without correction for differences in density of inoculum. The aver- 
age in this case for all cultures in susceptible extracts was — 27p, 
and for cultures in resistant extracts, — 67». 

The relative branching of germ tubes in this experiment was studied 
in considerable detail; but these results appeared of little significance. 
The greatest decreases in branching ratios in the extracts as compared 
to those in the checks occurred in extracts from varieties susceptible 
to the respective forms, but so also did the greatest mecreases. The 
average of increases for all forms in all dilutions of varieties sus- 
ceptible to them was .oo9g, and for all forms in extracts from resistant 
plants, .o12. This difference, tho slight, was in agreement with the 
results of Experiment I. : 

Differentiation between forms to which varieties are resistant or 
susceptible was definite in this experiment only by the criterion of 
length of germ tubes. As in Experiment 1, the germ tubes were longer 
in extracts from susceptible varieties than in those from resistant 
varieties. 

: Experiment 3 

The Mindum extract from Experiment 2 was used here with a 
larger number of physiologic forms. Lengths of germ tubes for to 
forms of P. graminis tritict are given in Table XVIII. In the to 
per cent concentration used, the Mindum extract decreased the growth 
of most of the forms to a point below that of the respective checks in 
plain agar. 

The forms tested, however, grouped definitely into two series, 
with the differences in length running from + 58 to — 93 in one 


group and from — 165u to — 203 in the other. Of the seven forms - — 


to which Mindum is susceptible, there were five in the group of forms 


whose germ tubes were only slightly decreased in size; while of the — 


three forms to which Mindum is resistant, there were two with the 


ae Vee ie 
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TABLE XVIII 
‘LenctHs oF Germ TuBeEs, CORRECTED FOR VARIATIONS IN DensITY oF INOCULUM, OF SOME 
* PuystoLtocic Forms or P. graminis tritici in PLrarn-AGAR Drops AND IN AGAR 
ConTaIniInG 10 Per Cent or AN Extract From MinpumM WHEAT 


Increase or decrease 
in lengths of germ tubes, 


Physiologic Lengths of germ tubes, in microns, (length in Mindum 
forms of | in microns : agar minus that in checks) 
P. graminis of forms to which Mindum is 

tritict = — — —~ 
10 per cent Plain-agar ; 
Mindum agar checks Susceptible Resistant 
I 131 319 sibtecs —188 
9 136 225 —89 
15 211 414 —203 
17 171 251 —8o as 
18 197 362 ere —165 
19 ; 230 301 —7I 
“eat 183 276 : —93 ae 
27 152 94 asite +58 
34 61 118 +57 «ot 
39 79 251 z —172 


more considerable decreases. The results then confirm in general 
the validity of the assumption that changes in cultural characteristics 
of forms in extracts from different varieties are to be attributed to 
the resistance relations of the varieties to the forms rather than to 
accidental variation. 
The three discrepancies in Table XVIII are of particular interest. 
In correlation of the host ranges of a number of physiologic forms with 
the production of apical swellings by the same forms in drop cultures 
in plain agar (Fig. 11), all except four physiologic forms gave a com- 
paratively close fit to a linear correlation. The four exceptions in- 
cluded three of the four forms studied to which Vernal emmer is 
susceptible (forms 9, 15, and 27) and form 39. In the present series, 
the three discrepancies include two of three forms studied to which 
Vernal emmer is susceptible (forms 15 and 27) and form 39. 
_ Branching ratios for the series are listed in Table XIX. As before, 


there was general differentiation between the forms to which Mindum 


is susceptible and those to which it is resistant. The branching ratios 


were lowered with most of the forms in the first group, and raised 
with two of the three forms in the second group. There were three 


definite discrepancies. These again included form 39 and two of the 
forms to which Vernal emmer is susceptible, this time forms 9 and 27. 

Differentiation by the percentages of teliospore-like bodies produced 
(Table XX) was not so uniform as with the other two criteria. It is . 
probable that with most forms the production of apical bodies is in- 


_ creased to a greater extent in extracts from resistant varieties than in 


extracts from susceptible varieties. In the present series, coincident 


a with the use of a substratum containing a high enough concentration 
_ of Mindum extract to decrease the length of germ tubes even of forms 


t 
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TABLE XIX 


Ratios, ToraL LrenctHs or BRANCHES Over LenctHs or Main Germ Tuses, oF SOME 
PuysioLocic Forms or P. graminis tritici In Pitatn AGAR Drops AND IN AGAR 
Containinc TEN Per Centr or AN Extract From MinpuM WHEAT 


Increase or 


Physiologic ; : decrease (ratios in Mindum : 
forms of Branching ratios agar minus those of checks 
P. graminis of forms to which Mindum is 

tritici ——— 
10 per cent Plain-agar 
Mindum agar checks Susceptible Resistant 
I .005 1004 ee Ae meee +.oo1 
9 .084 .013 +.071 Sree 
15 .023 .O71 —.048 oe ewe 
7 -061 .080 —.019 nts; 
18 .008 .005 aoe +.003 
19 .048 .089 —.041 Sonne 
21 .025 037 —.052) 7) > ee 
27 .O12 035 - oS eee —.023 
34 .062 .078 —.016 vata 
39 -065 ° +.065 alata 


to which Mindum is susceptible, there was increased production of 
apical bodies with most of the forms as compared to that in the checks. 
The greatest increase was with form 1, to which Mindum is resistant, 
and the apical bodies here also resembled teliospores unusually closely. 
The only definite decreases were with forms 21 and 39, to. which 
Mindum is susceptible. The greatest discrepancies in the results were 
found again in the case of physiologic forms to which Vernal emmer 
is susceptible, forms 15 and 27. 


TABLE XX 
PERCENTAGE OF GERM TusBE TIPS ON WHICH THE TELIOSPORE-LIKE ApicaAL SWELLINGS WERE 
Propucep WiTH Puysiotocic Forms or P, graminis tritici In PLAIN AGAR 
Drors AND 1n AGarR ConTaininc TEN Per Cent or Minpum Extract 


Percentage in 


Physiologic Production of apical Mindum agar minus that in checks; 
forms of bodies, in per cent for forms to which Mindum is 
P. graminis 
tritict ro percent Plain-agar ; r 
Mindum agar checks Susceptible Resistant 
Uncorrected Corrected* Uncorrected Corrected* 
I 72 18 onal caer +54 +49 
9 85 70 +15 +22 Free sisigite 
15 57 17 +40 +36 arerete aatea 
17 45 25 +20 +19 a royane wore 
18 15 to) eect Are +15 +5 
19 5 te) ep afitne Po petits Boot Sraike 
21 15 27 —12 —17 eae mane 
27 19 8 setts sete +11 —6 
34 24 5 +19 +12 Taney) mates 
39 7 43 —36 5) ; 


* Counts for individual cultures corrected for density of inoculum to 50 spores per drop. 


Considering this experiment as a whole, two outstanding relations 
appear. First, most of the forms, 6 of 10, were divided, as a result 
of comparison of the growth in drop cultures containing Io per cent 
of Mindum extracts to that in plain agar checks, into groups which 
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correspond definitely to the resistance of Mindum plants to the forms. 
Second, the greatest, and usually the only, discrepancies by all three 
criteria were in a definite group which included form 39 and those 
forms to which Vernal emmer is susceptible, and was identical with the 
group of forms found earlier to be aberrant to the usual correlation 
between rate of production of apical bodies and host-variety range. 


Normal and Diseased Host Tissues as Sources of Extracts 

Among theories on the nature of varietal resistance to rusts have 
been those postulating antibody action following infection. Two gen- 
eral hypotheses have been considered. First, antibodies produced under 
the stimulus of the parasite may inhibit the growth of rusts to which 
the plant is resistant. This inhibition may be stipposed to act by direct 
attack on the parasite, in a manner more or less analogous to anti- 
body resistance in animals; or by some indirect method such as increas- 
ing the sensitivity of adjacent host cells to the action of the parasite, 
with earlier death of these cells and eventual loss of nutrition for 
the pathogen. The second line of reasoning assumes that “antibody” 
formation, occurring perhaps only in the presence of physiologic forms 
of the rust to which the host is susceptible, produces in living host 
cells materials or conditions indispensable to the nutrition of the 
parasite. These materials might differ according to the plants and 
support the growth of only those rusts to which the hosts are sus- 
ceptible. This second hypothesis would explain also the difficulty of 


. growing rusts in artificial culture. 


If either type of reaction actually is involved in resistance to rusts, 
extracts from plants attacked by rusts might include “antibodies” ; 


-and it is possible that such extracts might differentiate physiologic 


forms to which the host is resistant or susceptible more definitely 
than in the case of extracts from normal plants. 
Material—Kanred and Mindum wheat seedlings, grown in pots 


- in the greenhouse during January to March, 1927, were used. Separate 


lots were used of the normal plants of each variety and of plants in- 
oculated respectively with forms 18 and 19 of P. graminis tritici and 


_ grown in the greenhouse at the same time. Those inoculated with the 
different forms were separated from each other on the greenhouse 


bench only by glass partitions. Since it was desired that growth of 


the plants and also of the rusts with which the plants were inoculated 
_ should proceed under identical conditions for the three sets of each 


variety, and also that extracts should be tested as substrata for rusts 


within a few days of extraction, it was necessary to use seedlings of 
_ different ages for the different lots. Ages of the plants are given in 
\ Table XXI. 
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TABLE XXI 


NorMaAL AND Diseas—ep KAnreD AND Minpum Wueat SErepLines USED as 
MATERIAL For EXTRACTS 


Inoculated Age Age 
Source of wither. pa of plants of plants Infection record 
extract graminis tritict when inoculated when cut 
Days Days 
Katired= -g a.” saa scniiex a | 7 en Wr Ss 
Form 18 17 36 Abundant infection 
and sporulation 
Form 19 17 38 Hypersensitive 
flecking 
Minden = it ee Ao Q- 5 + «2S sae eeee 
Form 18 II 36 Hypersensitive 
flecking and necrosis 
Form 19 II 30 Abundant infection 


and sporulation 


Method of extraction——Plants were cut, weighed, placed in a 
clean funnel, and washed with a stream of distilled water to remove 
adherent spores and dust. They were then run through a meat grinder 
and mixed with an amount of distilled water three times the original 
green weight. The combined mass was pressed out between metal cups, 
using direct hand pressure only. The densely turbid, deep green fluid 
obtained was divided into two portions. The first was ultrafiltered 
through a Berkefeld filter, yielding a clear, straw-colored liquid. The 
second portion was passed through a single filter paper, using a previ- 
ously heat-sterilized apparatus which prevented outside contamination. 
Usually the somewhat turbid, green filtrate still contained bacteria. 
The filtrates were stored in Pyrex tubes in the refrigerator and gener- 
ally used within two days. ‘ 

Cultures.—The filtrates themselves represented concentrations 
of approximately .25 that of the plant tissue; and further dilutions 
were made with sterile, distilled water to final concentrations of .1, 
OI, .001, and .ooo1. Hanging-drop cultures of forms 18 and 19 were 
made in duplicate with these dilutions of each filtrate. : 

Results.—Average estimated increases in lengths of germ tubes 
for each form on each substratum are given in Table XXII. As in 
previous series, germ tubes of form 18 increased in length to a greater 
extent in Kanred extracts than those of form 19, while in Mindum 
extracts, those of form 1g increased in length to the greater extent. In 
26 sets of cultures of form 18 in the Kanred substrata, the germ tubes 
averaged 093 » longer than those in estimated check cultures; while 
with form 19 the increases in the 25 pairs averaged only 32 w. Again, 


in the Mindum extracts, the average with form 18 for 27 duplicated) _ 


cultures was 12 p, and 32 » for 25 sets with form 19. These results f 
agree with the susceptibility of Kanred to form 18 and its resistance 
to form 19, and the resistance of Mindum to form 18 and its suscep- — 

tibility to form 109. = eae 


\ 
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TABLE XXII P 
INCREASES In LENGTHS oF GERM TuBEs oF Forms 18 AnD 19 OF P. graminis tritici IN 
Extracts, rrom Normar anp Rustep WHEAT PrLants, DILUTED IN STERILE, 
DistitLep WATER* 


Physi- Increases in lengths of germ tubes, in microns, in 
ologic extracts diluted to concentrations indicated 
; forms --— 
Material Filter of P, Mean, all 
graminis concen- 25 mes .OL -OO! -OOO! 
tritici trations 
Normal Berkefeld 18 —76 aes —146 —121 aesich 39 
Kanred 19 —102 Hate —i18 —169 Sen —19 
angaes Filter paper 18 —51 ire —130 —24 —61 _ 12 
19 —77 oes IIl 164 58 24 
2 Centrifuged, then 18 35 M5 —49 —2 90 101 
Berkefeld 19 17 Se —5 —2 —10 85 
Kanred Berkefeld 18 II Sec —46 124 36 —68 
infected 19 31 —67 SS; 157 126 —9o0 
ith f 5 
in orm - Filter paper 18 B57. airs weer sare 271 433 368 
Es 19 171 eae —48 199 239 295 
Kanred Berkefeld 18 127 Rares 80 297 82 48 
infected 19 —12 aie 32 Wee —26 —43 
ae Soren Filter paper 18 272 Ee 246 287 329 225 
9 & 19 187 ede oe 363 80 119 
Normal Berkefeld 18 —12 —138 —152 —44 133 140 
Mindum 19 —30 Beis, —8o 92 —6o —72 
planta Filter paper 18 —17 Sion —176 —118 133 2 
19 10 —133 39 128 5 
Mindum Berkefeld 18 Il Sua —38 —12 112 —17 
infected 19 I sciveeg 61 —70 —55 68 
ee come Filter paper 18 —27 —I4 —112 —53 fo) 46 
19 94 2 237 32 104 
Mindum Berkefeld 18 =—25 —155 —r102 98 56 —=20 
me - infected 19 4 —=34 238 —34 31 58 
with form : 
4 ‘ Filter paper 18 163 ati 220 293 206 —65 
ae 19 114 aes [OOM Eon 179 165 


* Recorded lengths minus (distilled water) checks estimated for the same densities 
of inoculum. 


Ne hell, 


Comparing the growth obtained in the different extracts given in 
_ Table XXII, it is to be noted that longer germ tubes were usually 
produced in the extracts filtered through filter paper than in corre- 
sponding extracts passed through the Berkefeld filter. Furthermore, 
. differentiation between the length increases of forms 18 and 19 in 
the same extracts was almost always greater in the portions passed 
through filter paper only (Table XXIII). It is then perhaps permis- 
sible to ‘consider the results in the paper-filtered series and to disregard 
_ the somewhat erratic results of the Berkefeld-filtered series. 
Zope s LtNS evident as shown in Table XXII that longer germ tubes were 
produced in the extracts from the infected plants than in those from 
' the normal plants. On the basis of these figures it would also appear 
that the longest growth occurs on extracts from plants inoculated with 
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TABLE XXIII 


DIFFERENCES BETWEEN INCREASES IN LENGTHS oF GERM TUBES FOR ForRMS 18 AND 19, 
P. graminis tritici, 1x Extracts rrom NorMAL AND RusTED WHEAT PLANTS* 


Differences between | a 
increases in length of germ tubes, in microns 
in extracts diluted to concentrations indicate 


Material Filter used - 
Mean, all 
concen-  .25 a -OT .0O .0001 
trations 
Kanred Normal Berkefeld 26 aes —28 48 aces 58 
plants Filter paper 27 ert —19 140 —3 —12 
Centrifuged, then 
Berkefeld 18 See —44 Co) 100 16 
Infected Berkefeld —34 ee Sn ars — 33 —9o0 22 
with form 
18 Filter paper 113 5 rae AN 72 194 73 
Infected Berkefeld 50 ore —48 eK. 108 QI 
with form 
19 Filter paper 93 fake eee —76 249 106 
Mindum Normal Berkefeld 49 Bates —72 —136 193 212 
plants 
Filter paper 7, Bas = ASE Sor, 5 87 
Infected Berkefeld 10 Ape —99 58 167 —8s5 
with form 
18 Filter paper —123 hee —II4  —290 —32 —58 
Infected Berkefeld —28  —121 —99 132 25 —78 
with form 
19 Filter paper 49 wise 309 92 27 —230 


* Mean increases in lengths of germ tubes for form 18, corrected for variations in 
density of inoculum, minus similarly corrected means for form 19. 


forms to which they are susceptible. Thus, in the Kanred series the 
average for form 18 in the extract from normal plants is — 5Ip; 
in the extract from plants infected with form 19, 2724; and in that 
from plants successfully attacked by form 18, 357». Similarly, both 
physiologic forms of P. graminis tritici produced longer germ tubes 
in the Mindum extracts from plants inoculated with form 19 than in 
the extracts from those inoculated but not infected with form 18, to 
which Mindum is resistant. Differences between the results obtained 
with extracts of plants inoculated with form 18 and those secured with 
extracts of plants inoculated with form 19 are not necessarily signi- 
cant, since actual check cultures of these series were disregarded by 
the method of calculation of Table XXII; but the very large differ- 
ences between growth in extracts of inoculated plants and growth in 
extracts of normal plants can hardly be considered accidental. 

More accurate comparison of different series is possible with 
the differences between increases with form 18 and 19 than with the 
values themselves. In Table XXIII, the increases for form 19 in 
each substratum are subtracted from the corresponding values for form _ 


18. Positive values indicate greater increases, or smaller decreases, © 


for form 18, and negative values greater increases for form 19. As 
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would be expected, the’ majority of such subtractions in the Kanred 
series gave positive values and the majority in the Mindum series 
negative values. 

Averages for the differentiation in extracts prepared from the vari- 
ous materials by filtration through filter paper were as follows: 


Kanred (form 18—form 19), 


RSE SPEC teen eae eR LC elec e eitcle pidslere Saisie va pees sees es 27 1, 

Parecteds with form, 1 (susceptible) 2... cn eens ce eee ees 113 

Higectedawath Lorn 10) (TeSIStant)) ..c 6.000. soc Seve we ce sees 03 
Mindum (form 18—form 19), 

Sates ba ocd | MEM ESCO. TS cs srs hahayctais ovale ave Slo a-d.a,s\aleiaya cs oo 3 ae 0 Sey 

Nnaecveda with: form= 1S) (resistant)! cy 0e ee ee esint nase ened — 23 

Infected with form 10 (Susceptible) ............2222-+e0ee 49 


In both series, differentiation was definitely higher in the extracts 
from plants infected with form 18 than in the extracts from the normal 
plants. It may be noted that this relation, as well as the other results 
above, was still more definite when the results were calculated without 
using the corrections for variations in density of inoculum. 

Branching-ratio results in the extracts from normal and diseased 
material are given in Table XXIV. As already noted, germ tubes of 
form 19 usually branch much more than those of form 18. This was 


evident again in the present experiment. In only one group of cul- 


tures of the 48 in which comparison is possible was there a higher 
branching ratio for form 18 than for form 19; while the form 19 ratio 
was higher in 42 cases. 

It was also found above (Tables XIV and XV) that branching 
ratios were higher in the extracts from normal plants of resistant 
varieties than in extracts from susceptible varieties. In the present 
series, this was true except with the cultures of form 18 in extracts 
filtered through filter paper. 

The branching ratios were influenced to a marked extent by the 
method of preparing the extracts. In every series, the averages for 
form 19 ratios (Table XXIV) were greater in the Berkefeld-filtered 
substrata than in those filtered merely through filter paper; while 
with form 18 the reverse was true in four of the six series. Differ- 
entiation of the two forms by the characteristic differences between 
the branching ratios was thus emphasized in the ultrafiltered extracts 


Of most series. 


Differences between branching ratios, with respect to the normal 
and diseased sources of substrata, were rather erratic. Branching- 
ratio values for differences between the two physiologic forms did not 
always vary inversely with the differences in lengths of germ tubes, 


a i as would have been expected from the other results. The relations 
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TABLE XXIV 4 
BRANCHING Ratios FoR Forms 18 anp 19 OF P. graminis: tritici IN EXTRACTS, FROM NORMAT. 
AND RusteED WHEAT Puiants, DinutTEpD In STERILE, DistTILLED WATER*™ 


Physi- Branching ratios in 
ologic extracts diluted to concentrations indicated 
Filter forms 
Material used of P. “Mean, all 
graminis concen- .25 x -O1 .OOL 0001 
tritici trations 3 
Normal Berkefeld 18 .008 cee ° Ot Sane +025 
Kanred 19 -160 ayes 105 .182 Pes tan .192 
plants Filter paper 18 -031 cats fo) .027 -053 +042 
19 154 0 250 270 096 
Centrifuged, then 18 io) ee (o) oO oF te} 
Berkefeld 19 +237 Pap te) -221 .296 -431 
Kanred Berkefeld 18 fo) aie ° Co) Co) o 
infected 19 .246 EL Bo .I21 -286 -467 
pas ate Filter paper 18 -016 ates Reon -006 -O17 .025 
: 19 059 ta) 063 085 086 
Kanred Berkefeld 18 =009 Mae to) -O14 o .022 
infected 19 -110 es ares -037 ie eth -077 +215 
Spek Fam Filter paper 18 SOO onaatsra ys te ° .007 -002 .o12 
a 19 LOO 5 st -aasiniasre etesis -013 -I11 -161 
Normal Berkefeld 18 -O12 ° fe) o .043 .018 
Mindum 19 -108 aie sake ° ° 1352 .080 
] : : 
es Filter paper 18 S027 iar ttc siete fo) oO .010 .097 & 
TOD. .042 ACER o -038 ° +128 
Mindum Berkefeld 18 .007 =e ° ° Co} -026 ; 
infected 19 -154 Retricag .128 -158 027 +204 | 
se rors Filter paper 18 .020 to) fo) .O41 -045 .016 1 
19 -140 severe .069 +197 -170 alee . 
Mindum Berkefeld 18 045 Co) -114 -026 *.066 .019 1 
infected 19 -203 .040 .269- -160 -453 -094 fj 
ig feat Filter paper 18 .035 porate .005 .021 .O12 “00. 
9 19 .107 Rae -006 :035 .192 «196 : 


* Total lengths of branches divided by lengths of main germ tubes. 


here are complex and certainly involve more than merely the develop- 
ment of branches instead of main gem tubes in “tuncongenial” 
substrata. 
-Summary.—The growth from urediniospores of P. gramunis 
tritict forms 18 and 19 was studied in hanging-drop cultures in ex- 
tracts from normal Kanred and Mindum wheat plants, and from 
plants inoculated with the two rusts. Differentiation of growth of — 
the forms, to which the varieties are reciprocally resistant and sus- 
ceptible, in the extracts from normal plants confirmed the results 
of earlier experiments. The length of germ tube was greater in ex- 
tracts from the diseased plants than in those from normal plants, and — 
differences between the two forms also were intensified in the extracts 
from infected plants. Branching-ratio differentiation was not demon: 
strated so clearly in the extracts from diseased plants. 


fee oe oe 
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Some Characteristics of Differentiating Materials in Extracts 
Stability in stored extracts: 


Forms 18 and ig in stored extracts.—Part of the extracts of 
lot 4 of Tables V to XV was stored in the refrigerator for eight 
months, in Pyrex tubes plugged with cotton, and then used in the prep- 
aration of hanging-drop cultures of forms 18 and 19. The stored 
material was diluted to one per cent in three different materials: plain 
one per cent agar; one per cent agar containing as nutrient IO per 
cent of Shive’s solution (20); and sterile, distilled water. The 
mean lengths of germ tubes as given in Table XXV have been cor- 
rected for variations in density of inoculum only. It is to be noted 
that the uncorrected figures showed precisely the same relations as 
those given here. 


TABLE XXV. 


DIFFERENTIATION OF Forms 18 AND 19 oF P. graminis tritici IN KaNREp anpD MINpuUM 
Extracts PreviousLty STorED IN THE REFRIGERATOR FOR ErcHt Monrus 


Extracts diluted to .o1r in 


Physi- 
ologic j 1% agar + | ges 
forms of | Plain 1% agar 10% Shive’s solution Distilled water 
P. graminis -—— ee —— - 
tritici Kanred Mindum Kanred Mindum Kanred Mindum 
Mean lengths of germ 18 481 304 316 218 367 299 
tubes, corrected for 19 203 242 21% 158 211 198 
density of inoculum, - 
in microns 18-19 278 62 101 60 156 101 
Ratio, lengths of 8 .006 .002 .002 .007 .007 .003 
branches divided by 19 .031 .060 .009 .067 .O15 .160 
lengths of germ tubes 
Production of apical 18 Trace a: Trace oh 2 + 
swellings* 19 r. Trace + — Trace ? 
* + = apical swellings present; ? = doubtful; — = absent. 


As usual, forms 18 and 19 were clearly different on every sub- 
stratum. Germ tubes of form 18 were longer in each case than those 
of form 19, but those of the latter branched more. 

Comparing growth in Kanred substrata to that in the Mindum 
series, unusually consistent differentiation of forms to which the 
varieties are susceptible or resistant was obtained. In each of the 
three diluents form 18 germ tubes exceeded those of form 19 in length 


to a greater extent in the Kanred than in the Mindum cultures. Ex- 


cept for form 19 in the plain agar series, there was a higher pro- 
duction of the apical, teliospore-like bodies on germ tubes of each form 


in extracts from the resistant than from the susceptible plants. Con- 


trary to results in previous series, however, branching ratios were 
greater in extracts from the susceptible variety than from the resistant 


one. 
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Refrigeration for eight months did not destroy the property in 
these extracts which differentiates forms to which the varieties are 
resistant or susceptible. In the present series, differentiation is clear 
using any one of three different materials with which to dilute the 
extracts, except that differentiation by branching ratios appears to 
have been reversed. 

Forms 1 and 17 in stored extracts——Such excellent differentia- 
tion was secured with forms 18 and 19 in the previous series that 
the same stored Kanred and Mindum extracts were used for cultures 
of forms 1 and 17. Kanred is immune and Mindum is moderately 
resistant to form 1, while Kanred is immune also from form 17 and 
Mindum is very susceptible to it. Stakman and Levine (30) .symbolize 
these relations as follows: 


Kanred Mindum 
Form Range Mean Range) Mean 
I otoo; (0) 0to2 I 
i Oto t= fe) 3— to 4++ = 


Data regarding the growth of these forms in the Kanred and 
Mindum extracts diluted to 0.01 in plain one per cent agar, and in 
plain agar checks, are given in Table XXVI. Lengths of germ tubes 
here were corrected for variations in density of inoculum as in Table 
XXV. Since form 1 produces the apical, teliospore-like bodies 
abundantly, the actual percentages of tips of germ tubes that Pre: 
duced these bodies were counted in the present series. 


TABLE XXVI 


DIFFERENTIATION OF FORMS I AND 17 OF P. graminis tritici In KANRED AND MinpumM ExTRAcTS 
PREVIOUSLY STORED IN THE REFRIGERATOR FoR Ercut Montus 


: 2 Substrata 
Holset © 
forms o o.ot Kanred 0.01 Mindum 
P. graminis in plain in plain Plain agar 
tritici agar agar checks 
Mean lengths of germ tubes (cor- I 79 141 258 
rected for variations in density 17 148 276 217 
of inoculum), in microns 
Ratio, length of branches over I ; -010 -040 .042 
length of germ tubes 17 .158 -087 +106 
Percentage of germ tubes produc- I 86 27, 38 
ing apical swellings 17 10 18 ° 


As would be expected, form 1. germ tubes were smaller in both 
of the much diluted extracts than in the checks. Moreover, BE 


hypothesis, form 17 germ tubes were ets in the Kanred ext a 


= 
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than those in the checks and smaller in the Mindum cultures than in 
the checks. 

The results were as inconsistent as those of the preceding series 
with respect to the extent of branching and the production of apical 
swellings. Only the branching ratios with form 17, and the produc- 
tion of apical swellings with form I, were as expected. As in Figure 
7, D and B, some of the apical swellings produced by form 1 in the 

_ Kanred agar closely resembled teliospores, while those in the checks 
were fewer in number and of the more usual clavate shapes. 

Considering both series, it is apparent that despite the lack of dif- 
ferentiation of all forms by all criteria, the characteristics of the four 
physiologic forms of P. graminis tritici when cultured on these ex- 
tracts, eight months after extraction, were sufficiently different to indi- 
cate the actual variations in resistance of the wheat varieties to the 
four forms. 

Stability to heating.—In Experiment I extracts made by pro- 
cesses involving cooking of any sort were of less value in differentiating 
forms by length of germ tubes than were extracts prepared without 
heating. From this it appeared possible that the materials which dif- 
ferentiate physiologic forms are thermolabile, or, if not, are affected 
by other results of the heating. However, in cultures in which extracts 
were diluted in plain agar, the extracts were held at 44.5° to 45.5° C., 
both when diluted and undiluted, for intervals often approaching two 
hours, apparently without lowering the differential value of the extracts. 


_ As a preliminary test, the experiment summarized in Table XXVII 


was performed. Cultures were prepared of Mindum extract diluted to 
10 per cent in plain one per cent agar; this agar was then heated at 


TABLE XXVII 


_ DIFFERENTIATION OF Puysrorocic Forms or P. graminis tritici IN 10 Per Cent MinpuMm 


AGAR, IN CuLturrEs PrepareD IMMEDIATELY AFTER DiILuTION aT 45° C., 
AND OTHERS PreparED AFTER HEATING AGAR AT 97° C. 


eo FoR 15 MiInuTEs 
‘ co ‘ Growth in 
ue : . Growth in Mindum agar minus 
Physiologic that in checks 
forms of ; : ee 
P. graminis 10% Mindum agar Plain 
tritict = — agar Heated Unheated 
E Heated Unheated checks 
: i Mean lengths of germ i 47 132 319 —272 —187 
tubes (corrected for 18 30 197 363 —333 —166 
variations in density of 19 172 230 301 —129 ar 
inoculum), in microns 
S Ratio, length of branches I 0) 005 004 —.004 +.001 
over length of main 18 ° -008 -005 —.005 +.003 
_ germ tubes 19 .067 .048 .089 —.022 —.041 
Percentage of germ tubes I 15 72 18 —3 +54 
producing apical swell- 18 9 15 ° +o +15 


ings 30 9 5 3 Os 
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97° C. for 15 minutes, cooled rapidly to 45° again, and a second series 
of cultures inoculated. 

Mindum is resistant to forms 1 and 18, and susceptible to form 19. 
The results in the unheated agar are therefore in agreement with 
those of the previous experiments. Compared with the checks, mean 
lengths of germ tubes of forms 1 and 18 were much less than those of 
form 19. Branching ratios were slightly larger for forms 1 and 18 
in the Mindum agar and considerably smaller for form 19 than in the 
corresponding checks. The production of apical swellings was in- 
creased markedly with forms 1 and 18. The only disagreement was 
in the slight increase in production of apical swellings with form 19 
in the Mindum agar as compared to the check. 

In the heated Mindum agar, growth was in general inhibited to a 
marked extent. Lengths of germ tubes were much shorter than in 
either of the other media; however, the average length of germ tubes 
of form 19 was still considerably more than that for either of the 
other two forms, and differentiation of the forms by the branching 
ratios was reduced but not lost. 

It may tentatively be considered that those constituents in wheat 
extracts which can differentiate physiologic forms to which the variety 
is susceptible or resistant are probably not entirely destroyed by 
heating at 97° C. However, this heating reduces the value of the 
extract as a substratum for the rusts, and hence the differentiation 
may well be obscured in some heated extracts. From the results in 
Experiment I, it seems possible that autoclaving may result in com- 
plete disappearance from extracts of the materials concerned in dif- 
ferentiation by lengths of germ tubes, with perhaps accentuation of 
the differentiation by the brai:ching ratios. 

Filtration methods as affecting differentiation.—In the experi- 
ment with extracts from normal and rusted Kanred and Mindum plants, 
a portion of each extract was filtered through a single filter paper and 
another portion ultrafiltered through a Berkefeld filter. The summar- 
ized results as to lengths of germ tubes for forms 18 and 19 in these 
extracts are given in Table XXIII. Correct differentiation here is 
indicated by positive values in the Kanred series and negative values 
in the Mindum series. It will be noted that there was greater differ- 
entiation in the extract filtered only through filter paper in every series 
except the Mindum infected with form 19. Averaging all values in 
the table, the relation is marked: 


Kanred Mindum 
series series 
ultram ltered 35 iy matte eaters: metre 14p. 7h 


filtered through papéf 2.2.00 77 —67 4, 
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Differentiation by length of germ tubes was undoubtedly more 
pronounced in the rather turbid green filtrate which passed through 
filter paper than in the clear ultrafiltrate in this series. The differen- 
tiating materials may be located in the chloroplasts, which would agree 
with the conception that growth of rusts is intimately connected with 
photosynthesis of the host. It would be equally plausible, however, 
to consider that differentiation in elongation may be due to completely 
soluble materials, present equally in both filtrates; but that differentia- 
tion may be magnified in the presence of additional purely nutritive 
and non-differentiating materials in the chloroplasts, or otherwise con- 
tained in greater concentration in filtrates through filter paper. 

In the same ultrafiltered and paper-filtered extracts, the differences 
in branching ratios were intensified in the ultrafiltrates, since form 19 
ratios were larger in them and the form 18 ratios usually smaller. 
Differentiation by branching ratios is possibly the result of materials 
or conditions in the extracts other than those concerned in the differ- 
entiation by lengths of germ tubes. 


Tests of the Production of Toxins by Rust Sporelings 


Varietal resistance to physiologic forms of rusts is probably due to 
either, or conceivably both, of the following general relations: (1) 
variations in the nutritive value of the host to the parasite; and (2) 

variations in the actual resistance of host varieties to the toxic activities 
of the different physiologic forms. The former hypothesis is the one 
on which most of the experiments in the present paper have been plan- 
ned, but some preliminary tests of the latter hypothesis also are given. 

The second hypothesis may be considered to involve, essentially, 
the ability of susceptible host tissues to tolerate such toxic materials 
as may be excreted by the parasite or produced by the host under 
stimulation from the parasite. All other tissues, resistant or immune, 
will not tolerate or withstand these hypothetic toxic materials, so that 
host cells in the vicinity of the point of infection die; the typical “hyper- 
sensitive area” is produced; and the parasite, thus cut off from its 

living nutrient substratum, soon dies also. 

If this hypothesis is correct, it might be possible to demonstrate its 
probability by exposing various host tissues to the action of liquid 
media in which rust spores have grown. Resistant plants, if actually 
more susceptible to the toxic substances, should suffer greater injury 
than susceptible tissues. Direct determination by somewhat similar 
methods of the production by plant pathogens of materials toxic to 
‘the host tissues has been successful with various species of Fusarium, 

following the work of Haskell (11) and of Fahmy (9) with Fusarium 
iA \ 
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solani. So far as the writer knows, there is no previous record of 
this type of experiment with rusts. 


Hypodermic Injection of Culture Filtrates 

Mass sowings of urediniospores of P. graminis tritici forms 14 
and 27 were made in an extract, from normal Kanred wheat plants, 
which was diluted in sterile, distilled water to .o1 concentration and 
used 5 cc. per culture in Erlenmeyer flasks. Three flasks were used 
for each form. The cultures were incubated at 23° C. for three days 
and the liquid was then filtered through sterile filter paper, using aseptic 
precautions, to remove the thin surface films of spores and germ tubes. 
Composite samples of the filtrates for each form were injected into the 
stems of 17-day-old wheat seedlings. Ten plants each of Marquis, 
Mindum, Speltz Marz, and Vernal emmer were used for each of the 
culture composites and for the check filtrate from the uninoculated 
blanks. 

Injections were by means of finely drawn glass tubing with tips 
of approximately .2 mm. outside diameter and .15 to .16 mm. inside 
diameter. As much liquid as possible was forced into the stems, leav- 
ing always a drop of the liquid standing over the puncture as the 
needle was withdrawn. Only a slight amount of liquid appeared to 
be retained in the punctures. Each plant was injected at two or three 
points between the first and second nodes above ground. The plants 
were kept in the greenhouse as before injection. 

Observations were made for three weeks. Six days after the in- 


Were est 
vit. ta acti etic 


t 


jections definite but very narrow brownish necrotic halos, probably due — 


to the mechanical injury, appeared around all of the punctures. No 
further injury developed, nor were there any differences between yarie- 
ties or between the culture and check-filtrate injections in the extent of 
the injury. 

_ Absorption of Culture Filtrates ; 

The negative results of the previous experiment might-be attributed 
to the fact that too little of the liquid was introduced to cause injury. 
In further tests, portions of the samie culture filtrates were used again, 
but in such a way as to introduce larger quantities into the plants. 


Wheat seedlings grown 18 days in the greenhouse: were cut off at 


the surface of the ground, rinsed immediately in distilled water, and 
the stems cut back again while still in the water. The plants were 


placed immediately in individual small glass tubes, of 4 mm. outside 
diameter, 6.5 cm. long, and sealed at the bottom. The tubes, previously _ 
filled nearly to the tops with filtrates, or with sterile, distilled water in » 
the case of checks, were then supported in cardboard racks on the 
greenhouse bench. As the various liquids were taken up by the plants, 


i 
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- sterile, distilled water was added from time to time to keep the tubes 
almost full. Thus, irrespective of the rate of imbibition, each plant 
- eventually absorbed approximately the same amount of the original 
solution as did the others. 

; The results were decisively negative. Plants treated as described 
lived for three days to a week in different series. The form 14 filtrate 
was tried with Marquis, Khapli, Little Club, and Vernal emmer wheat 
seedlings ; and the form 27 filtrate with Marquis and Khapli seedlings. 
In each case both check filtrates from uninoculated blanks and distilled 
water were used for comparison. The type of liquid appeared to have 
E “not the slightest influence on the prolongation of greenness or turgidity 
' or on the prevention of wilting. All plants of the same variety showed 
the same gradual decline and death, differing in time for the different 
varieties, regardless of their differing substrata. 

The results indicate either that the fungus does not produce ma- 
terials toxic to wheat tissues, or that the methods used were not ade- 
quate to demonstrate such materials. In any case, no toxic activity 
by the fungus was shown. This agrees with the results previously 
‘discussed, which indicate that physiologic resistance can be explained 

___ by differences, in the normal plant constituents, which affect the growth 
- of the various physiologic forms of P. gramimiunis tritici. 


i Pee e, \ a my 


DISCUSSION 


Ds, 

i Considerable differences were found in the growth of uredinial 
4 germ tubes of different physiologic forms in hanging-drop cultures of 
'~ water, plain agar, and other substrata (Fig. 1). These differences 
__were consistent, and indicate that physiologic forms of P. graminis 
_ tritici may be differentiated, in hanging-drop cultures under specified 
4 - cenditions, by the type of growth, the length of germ tubes, and the 
relative abundance of branches on the promycelium, in much the same 
way as physiologic forms of other fungi (6, 8) have been identified by 
i ~ cultural characteristics. It must be noted, however, that the present 
work has not shown whether the differences found between forms of 
P. gramunis tritici are true of all isolations of a given form, or are 
_ characteristic merely of those studied. More than one isolation of a 
- given physiologic form was rarely studied in this investigation. In 
__ preliminary comparison of two isolations of form 39, there was rather 
close agreement of characteristics in drop culture; but many more isola- 
tions must be studied before it can be concluded that the characteristics 
= observed in drop cultures always correspond with pathogenic 
characteristics. 

: The foregoing statement does not apply to the relation between. the 
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forms of P. graminis tritici. There seems to be a positive correlation 
between the readiness with which these -teliospore-like bodies are pro- 
duced and the narrowness of host ranges of the forms. 

It appears unlikely that the production of apical swellings bears a 
direct causal relation to the restriction of host range with which it 
appears to be associated. We may, however, consider it tentatively 
as an indication of those physiologic potentialities of the fungus which 
are concerned in resistance. Thus, if mycelium from germinating 
urediniospores tends to enter almost immediately a reproductive stage 
which inhibits further vegetative growth, and this tendency varies in 
intensity in different physiologic forms, then for a particular form the 
percentage of germ tubes that produce apical swellings.under specified 
conditions may serve as an index of the intensity of this tendency 
toward reproduction. To complete this hypothesis, we may assume 
further that physiologic forms that produce many apical bodies, and 
in which the “reproductive” tendency is accordingly high, the host 
range is relatively restricted because the conditions required for suc- 
cessful vegetative growth are more highly specific than those neces- 
sary for the growth of physiologic forms that produce fewer apical 
swellings. 

A converse relation may also be deduced from this correlation. If 
the production of apical swellings is an index to extensiveness of 
host ranges, it would appear from the correlation that the twelve 


varieties selected by Stakman and Levine as representative of wheat. 


varieties were correctly chosen. 

It is in accord with our general idea of the complex nature of 
physiologic resistance that it should be true that the correlation between 
the percentages of germ tubes that produce apical swellings and the 
extent of the host ranges of the forms is not applicable to the entire 
population of physiologic forms studied. The correlation applies to 
the majority of physiologic forms, but apparently does not hold for 
form 39 and several forms to which Vernal emmer is susceptible. 
These same forms were again found to be the only ones aberrant in 
other respects, as reported elsewhere in this paper. In studying the 
growth of physiologic forms in extracts’ from susceptible and resistant 
plants, it was found that differences in cultural characteristics of all 
forms studied corresponded with differences in pathogenicity except 
with form 39 and those forms to which Vernal emmer is susceptible. 
Were these discrepancies not confined to a definite group, they might 
constitute a serious objection to the general idea that the drop-culture 


characteristics studied in this paper are to be considered evidence of 
the physiologic interrelations of host and parasite which may be con-— 
cerned in physiologic resistance to rusts. As it is, from the consistent _ 
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way in which these same forms were aberrant to the various types of 
results, the writer would instead consider the following explanation 
more probable. 

A series of relations concerned in resistance to most physiologic 
forms of P. graminis tritici, but perhaps not extending to the Vernal- 
emmer group, which may for convenience be considered to include 
form 39 also, may be demonstrated in artificial culture by the growth 
of the physiologic forms in extracts. The Vernal-emmer group is 
possibly included in this group so far as physiologic resistance in the 
plant is concerned; but demonstration of the relation in drop-culture 
growth is masked perhaps by differences in environmental character- 
istics. It would be equally plausible, however, to consider that some 
factors involved in resistance to the Vernal-emmer group are important 
only with that group, and are of little or no importance in resistance 
to the other physiologic forms that are affected primarily by the rela- 
tions demonstrable in culture. The writer has no explanation to offer 
for the fact that form 39 so persistently and clearly resembles the 
Vernal-emmer series, altho this variety is so resistant to form 39. It 
is evident that the basis for the reactions in artificial culture of the 
forms constituting this group-—distinguished, it is to be remembered, 
merely by aberrancy—is not the same as that which enables a form to 
parasitize Vernal emmer successfully. 

The most significant results of this work appear to be those bearing 
on the nature of resistance of wheat varieties to P. graminis tritici. 
Physiologic resistance to stem rust appears to be based at least in part 
on the composition of the normal host cells, entirely in the absence of 
any infection. Despite the slight mycelial growth obtained from ure- 
diniospores in hanging-drop cultures of even susceptible varieties, there 
were constant differences between the growth of the physiologic forms 
which agreed with the susceptibility of the varieties to the forms. In- 
extracts from plants susceptible to a given form, germ tubes were in 
general longer than in check cultures; while in extracts from resistant 
plants, the germ tubes were shorter than in the checks. Germ tubes 
branched more and produced a higher percentage of apical swellings 


in extracts from resistant plants than in those from susceptible plants, 


altho these differences did not occur regularly with the aberrant physio- 
logic forms of the Vernal emmer group. 

These differences in germ tube growth in the various extracts, diag- 
nostic of the resistance relation of the forms to the varieties, appeared 
consistently in extracts prepared from normal plants. In one experi- 


ment the differentiation was intensified in extracts prepared from 
infected seedlings. This may indicate some antibody formation, altho 


¢ extraction from infected or dead cells of inoculated plants may be more 
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thoro and merely furnish a higher yield of materials concerned in re- 
sistance, which are also present in the normal tissues. 

The results indicate that physiologic resistance is caused by the 
inability of the fungus to survive in tissues of resistant plants, an 
inability based on the composition of the normal tissues. Whether 
it is due to the presence in susceptible tissues of specifically nutritive 
“materials which are absent in resistant tissues, or to the presence in 
resistant tissues of toxic materials absent in the susceptible tissues, 
cannot be determined with the information at hand. Either aspect of 
the hypothesis assumes that injury to the tissues of resistant host 
plants comes from the toxic materials given off by the dying or dead 
fungus cells in the uncongenial resistant tissues. It may be noted that 
in other cases in which the basis of physiologic resistance has been 
explained as due to differences in the composition of the normal host 
plants Walker (32) has considered that resistance to onion smudge 
is due to the presence of specific toxic substances in the scales of re- 
sistant onions, and Reynolds (24) has suggested that resistance to 
Fusarium lini is based on greater concentrations of glucosides in the 
resistant flax plants. 

Whether the materials concerned in physiologic resistance, and 
serving also to differentiate physiologic forms in extracts from the 
plants, are primarily in the resistant plants, the susceptible ones, or 
both, it is clear that they are effective in considerable dilution. Ap- 
proximately the same relations between physiologic forms were shown 
in the present work in dilutions of extracts to .oO1 or .0OO1 as in the 
most concentrated solutions in which successful growth could be 
secured. Extracts stored in the refrigerator for eight months were still 
capable of differentiating forms to which the varieties are resistant 
or susceptible, whence it would appear that the materials concerned 
are relatively stable. In Experiment 1, extracts prepared by heating 
did not differentiate physiologic forms so clearly by the differences 


in lengths of germ tubes as extracts prepared without heating; yet 


differentiation was still possible in series of cultures prepared (Table 
XXVII) with extracts which, after being mixed with the agar diluent, 
had been heated to 97° C. for 15 minutes. Differentiation by lengths 
of germ tubes was more definite in extracts filtered only through filter 
paper rather than through the Berkefeld filter; while differentiation 


by differences in the branching ratios was more definite in the ultra- 
filtrates. Apparently more than one series of materials is concerned 
in differentiation by these various cultural characteristics, unless one — 


of the characteristics is affected by much more dilute conceal 
of the host materials than is the other. 


Further investigation of this sort, in which the living sporelings ar 
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used as indicators of the results obtained by fractionations of plant 
extracts, should yield a more accurate idea of the materials actually 
involved in resistance to rusts and perhaps also of those utilized in their 
nutrition. 


SUMMARY 


1. The growth from urediniospores of Puccinia graminis was studied 
in hanging-drop cultures. Growth beyond about 1,000 » was seldom 
obtained. Cultural characteristics, such as length of germ tubes, the 
type of growth, and abundance of branching, differed in these spore- : 
lings with different physiologic forms of P. graminis tritici, tho these 
characteristics are constant for given strains under controlled condi- 
tions. It has not yet been proved whether these cultural characteristics 
are true of all isolations of the physiologic forms, or are characteristic 
merely of particular strains within them. 

2. There is high positive correlation between the number of uredini- 
ospores with which a drop is seeded and the final length of germ tube 
per spore. This has been worked out for many forms of rusts and for 
a number of substrata. The increase in length of germ tubes with 
increased density of inoculum is great enough so that corrections were 
calculated and applied, to insure that conclusions based on differences 
in lengths of germ tubes would not be influenced by the unavoidable 
differences in density of inoculum in the experiments. 

3. Apical swellings on the tips of germ tubes, regarded as occasional 
or abnormal by earlier workers, were produced by all forms of all 
species studied to any considerable extent. These bodies resemble teli- 
ospores morphologically, are produced by different physiologic forms of 
P. graminis tritici in approximately the same relative abundance as 


normal teliospores on infected wheat plants, and are probably immature 


teliospores. The production of apical, teliospore-like bodies is nega- 
tively correlated with the number of spores per drop. 
4. Teliospore-like bodies are produced by the physiologic forms of 


 P. graminis tritici under identical conditions on a purely synthetic 


medium—plain one per cent agar—at rates relatively constant per form 


_and widely varying between forms. The rates vary in linear correlation 


with the extensiveness of the host (variety) ranges of the forms, for 
almost the entire population of physiologic forms tested. Percentages 


of germ tubes producing teliospore-like bodies are higher in artificial 


cultures of forms with relatively limited ranges and progressively 
lower with physiologic forms of more extensive host ranges. A definite 
group of forms of P. graminis tritici, including form 39 and those 
of the forms tested to which Vernal emmer is susceptible, are aberrant 


: to the linear correlation noted. 


60 MINNESOTA TECHNICAL BULLETIN 67 


5. Extracts prepared from wheat varieties differed in their ability 
to support the growth of physiologic forms of P. granums tritici in 
exact agreement with the respective resistance or susceptibility of the 
varieties to the various forms. Congeniality of forms to host varieties 
was evidenced almost universally by greater lengths of germ tubes in 
extracts from susceptible varieties, less branching, and lower produc- 
tion of apical swellings, than in extracts from resistant varieties. All 
forms of P. gramunis tritici tested fit the groupings of resistance by 
their reactions in culture to host extracts, except those forms to which 
Vernal emmer is susceptible and form 39, the same group that was 
aberrant to the linear correlation. Evidently there are at least two 
series of relations involved in resistance to P. graminis tritici, unless 
these aberrant forms differ from the majority in some minor environ- 
mental responses that interfere with cultural results without affecting 
the relation between the parasites and their hosts. 

6. In a single experiment, differentiation was greater with extracts 
from inoculated plants than in extracts from normal plants. Anti- 
body activity may be, but is not necessarily, involved. 

7. Extracts stored in the refrigerator for eight months still contained 
materials that differentiated between forms to which the variety con- 
cerned is susceptible or resistant. Extracts prepared by methods in- 
volving heating apparently did not contain the materials affecting germ 
tube elongation. A partial sterilization of extracts by filtration through 
a single, sterile filter paper instead of the usual filtration through a 
Berkefeld filter produced substrata of greater differentiating activity 
as to lengths of germ tubes, but of less differential value with regard 
to differences in the branching of germ tubes. 

8. Materials extractible from normal as well as infected whew tis- 
sues are able to affect the growth of physiologic forms of P. graminis 
tritici, in artificial culture in the extracts, in a manner diagnostic of 
the resistance of the host to the various physiologic forms. These | 
materials in the plant tissues presumably explain the phenomenon of 
physiologic resistance to stem rust. 
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INHERITANCE STUDIES IN PHASEOLUS 
VULGARIS’ 


T. M. CurrRENCE 


The development of the snap bean as a canning crop and as a fresh 
vegetable has served to emphasize the importance of certain pod char- 
acters. The canning trade, especially, is insistent that the pods of a 
variety meet certain requirements of shape, size, color, tenderness, and 
uniformity. While a number of genetic studies have been made on the 
bean plant they have for the most part failed to include pod characters. 
Where pod characters have been worked with, the results have been 
somewhat indefinite and unsatisfactory. In an attempt to clarify and 
extend the genetic information on some of the important characters of 
the pod, the studies composing this paper were made. The characters 
chosen are lignified tissue in the sutures and in the side walls, the shape 
of the pod in cross-section, and color of the pod as related to localized 
chlorophyll development. 


REVIEW OF LITERATURE 


A number of workers have reported on the inheritance of strings 
in the bean pod. The majority have considered the presence of strings 
to differ by a single genetic factor from the absence of them. String- 
lessness has been largely considered the dominant allelomorph. Emer- 
son (1904) submitted data indicating a single-factor relationship in 
certain crosses, but also data from other crosses which could not be 
readily explained on this basis if the classifications were properly made. 
The second type of result reported by Emerson gave an intermediate 
F,, and an excess of stringy type in F,. Progeny of stringless, inter- 
mediate, and stringy F, plants gave segregation in F,. In other crosses 
the stringy character did not segregate in F,. Tschermak (1916) re- 
ported results much the same as those of Emerson’s and considered 
stringlessness dominant. A part of his data could not be explained by 
a single-factor difference. More recently Wellensiek (1922) reported 
data that support the single-factor hypothesis but he did not have an 
F, generation to verify his conclusion. His F, was grown from three 
different crosses and was made up of 191 plants. The results closely 
approximated the three stringless to one stringy expectation. Joosten 
(1927) reported rather extensive studies of the morphological struc- 
ture of the string. He stated that the string is composed of a group 

1 This paper was also submitted to the faculty of the Graduate School of Cornell Univer- 
_ sity in partial fulfillment of the requirements for the degree of doctor of philosophy. 


Grateful acknowledgment is made to Dr. R. A. Emerson for valuable help in starting 
this study and for the helpful suggestions given during the course of the work. 
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of schlerenchymous cells that form the cap of the fibrovascular bundles. 
A certain positive relationship was found to exist between the degree 
of lignification of these cells and the strength of the string when re- 
moved. Joosten suggested that an entirely stringless variety probably 
does not exist and that maturity of pods and environment greatly affect 
the degree of stringiness. He submits data which are not in agreement 
with the single-factor hypothesis and believes the genetic relationship 
to be a complex one. 

Tschermak (1916) studied the inheritance of pod shape in a cross 
of round by flat. His data suggested round to be dominant, or nearly 
so, and a complicated segregation to occur in the F, generation. 

Woycicki (1927) reported on the inheritance of breadth and thick- 
ness of pods and also the ratio between the two characters. The 
studies were made on two crosses of three different varieties. In both 
crosses the width was considered as a two-factor difference. In one of 
the crosses the thickness was also caused by two factors. In the second 
cross there was not a significant difference between the thickness of the 
parents, but in F,, certain lines appeared that apparently were dis- 
tinctly different for thickness. When the ratio of width to thickness 
was taken there appeared to be three or four cumulative factors. By 
segregating different combinations of factors for width and thickness, 
lines were obtained that were flatter and more round than either parent. 

Pod color has been studied by several workers; Emerson (1904) 
and Tschermak (1916) found the green type dominant to yellow and 
a ratio approaching three green to one yellow in the second generation. 
F, results also were in agreement with those expected from a single- 
factor difference. The silver color of the Crystal-White Wax variety 
has not been studied, altho the variety was used by Halsted (1907) in 
crossing work. He failed to distinguish the double recessive type from 
the ordinary yellow, and made no report on the various proportions of 
the different colors which segregated. 


METHODS OF STUDYING THE LIGNIFIED CELLS OF 
THE POD SUTURES 


A microchemical test for lignin seemed to be the most accurate 
method of determining the presence or the absence of schlerenchymous 
tissue in the pod sutures. The method of breaking the point of the 
carpel and attempting to pull out the string has certain advantages, but 
is somewhat unreliable for making accurate classification. Especially 
is this true 1f more than two phenotypes are wanted. The chief objec- 
tion to using the microchemical test is the time required to cut and 
examine the sections. This was found to limit the number of plants 
that could be studied. 


——— 
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The analine sulphate test for lignified cells was found to distinguish 
very sharply between the stringy and stringless types when applied to 
the parental material. The test reacts on lignified tissue to give a very 
bright yellow color to sections from stringy pods. The sections from 
the stringless parent were stained by the test, but the color was a dark 
brown and was readily distinguished from that of the stringy parent. 


TBR 


nS. eh 


Fig. 1. Transverse Sections of the String Area of the Stringless T) pe 
The groups of dark stained cells are the strings. Enlargement about 280 times. 


Fig. 2. Transverse Sections of the String Area of the Stringy Type 
The groups of dark stained cells are the strings. Enlargement about 280 times. 


Anatomically the string appears to be the cap of the fibrovascular bun- 
dles in the sutures of the pod. The cap is present in the stringless type 
uf beans but the cells do not take on the thickened lignified nature that 
characterizes the stringy type. When the hybrids were classified, a 
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single pod was taken as representative of the plant. Tests made on a 
stringy variety indicated only a slight reduction in variability when two 
or four pods per plant were used and averaged instead of a single-pod 
sample. The approximate area of the tissue that gave a positive re- 
action to the test was measured by an ocular micrometer, and the results 
were expressed in square millimeters. Stringless plants are considered 
to be those with an area of less than .005 square millimeter. The terms 
“stringy” and “‘stringless,” therefore, are used to designate these groups. 


Fig. 3. Lower Magnification of Transverse Sections of the String Area of the 
Stringless Type 


Note fibrovascular bundles located under the strings. Enlargement about 115 times. 


Fig. 4. Lower Magnification of Transverse Sections of the String Area of the 
Stringy Type 


Note fibrovascular bundles located under the strings. Enlargement about 115 times. 


INHERITANCE IN-PHASEOLUS V ULGARIS 


“NY 


The sections were cut from the region between the first and second seeds 
from the tip of the pod. The measurements mentioned are for half of 
the string inasmuch as the pods were separated at the sutures and placed 
in pith to cut the sections. Data from three crosses were obtained 
through the F, generation. These and other crosses will be taken up 
separately. 


A Cross Between Wardwell (Stringless) and Longfellow (Stringy) 


The F, of this cross consisted of 4 stringless plants and the F., was 
made up of 67 stringless to 33 stringy plants. In determining the breed- 
ing behavior of the F, plants, the same method of staining and measur- 
ing the lignified area was continued. If all the progeny from a single 
plant gave measurements of less than .o05 square millimeter, that plant 
was considered as breeding true for “‘stringless.” F, plants giving all 
progenies with an area of .005 or greater were considered as homo- 
zygous “‘stringy,’ and progenies whose measurements included both 
these groups were classified as being from I’, plants heterozygous for 
the string character. The third generation data for this cross are given 


in Table I. 
TABLE I 


F; ProcGENy oF Random SELECTIONS OF F2 INDIVIDUALS CLASSIFIED AS STRINGLESS AND STRINGY, 
WaARDWELL X LONGFELLOW 


Genotype Fs string- eee Genotype F2 stringy — a: 
less plants Stringless  Stringy plants Stringless Stringy 
Homozygous I 14 to) Heterozygous I 2 4 
stringless 2 2 to) 2 2 3 
3 15 0 3 4 17 
4 12 to) 4 13 Orr 
3 ie 2 Homozygous 5 () 8 
6 2) (0) A 
stringy 6 () 16 
Uh ae y 7 (6) II 
8 6 to) 8 je 3 
9 5 0) 5 ; ms 
10 12 to) “i s 8 
Heterozygous II 7 2 II io] 10 
12 3 3 12 ) 20 
13 2 4 2 13 C) 20 
14 18 4 
15 5 5 
16 15 past 
17 13 7 
18 8 3 
19 I 4 
20 13 16 
21 14 8 
22 10 3 
23 I 11 
2 3 4 
25 7, 18 
26 9 4 
27 3 Ir 
Homozygous - 28 °O. 10 


stringy 209 io) 
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Twenty-nine progenies were grown from the stringless F, group. 
Ten were stringless, 17 segregated, and 2 were stringy. It should be 
stated that the ratio of stringless to stringy in the segregating F, popula- 
tions is thought to be of limited significance as the genotypic test of 
the F, shows the error involved in dividing the 2 phenotypes. At least 
2 of the F, populations from the stringless F, group (numbers 2 and 
29) are undoubtedly too small to give accurate results. If these 2 lines 
are excluded, the figures are: 9 breeding true for stringless, 17 segregat- 
ing, and one breeding true for stringy. If all the 67 F, individuals of 
this class are divided in these proportions, the result is 22.3 homozygous 
stringless, 42.2 heterozygous, and 2.5 homozygous stringy. As none 
of the F, population from stringy F, plants tested were extremely small, 
they are all included in the calculations. Four of the 13 segregated and 
the remaining 9 bred true for stringy. This is considered to indicate 
that 4/13 of the F, stringy plants were heterozygous and 9/13 were 
homozygous stringy. The 33 plants divided in these proportions give 
10.2 heterozygous and 22.8 homozygous stringy. These figures com- 
bined with those obtained from the stringless give 22.3 plants homo- 
zygous stringless, 52.4 heterozygous, and 25.3 homozygous stringy. 
Altho the phenotypes could not be finely divided, the results from test- 
ing the genotypes suggest a single genetic-factor difference. This hy- 
pothesis calls for the three genotypes to be present in F, in a ratio of 
1:2:1; or in this case, 25 homozygous stringless, 50 heterozygous, and 
25 homozygous stringy. The P value for the results secured is .84 
which means a chance deviation as great as this would be expected 
eighty-four times in one hundred such trials. 


A Cross Between Pencil Pod (Stringless) and Robust (Stringy) 


The F, of this cross consisted of 6 plants, all of which were string- 
less. In F, there were 157 stringless and 87 stringy plants. Table II 
gives the F, results. Progenies from Io stringless F, plants were 
grown. Five were entirely stringless and 5 were apparently from 
plants heterozygous for strings. Dividing the 157 F, stringless plants 


in this proportion gives 78.5 homozygous stringless and 78.5 hetero- | 


zygous. 

Fourteen stringy F, plants gave progenies the following generation. 
Five were homozygous stringy and 8 heterozygous. The 87 stringy F, 
plants in this proportion are 37.3 and 49.7, respectively. Figures for 
the two F, groups combined show the 3 genotypes to be 78.5 homozygous 


stringless ; 128.2 heterozygous; 37.3 homozygous stringy. This is quite 


a wide deviation from a theoretical ratio of 1:2:1. It may be explained, 
however, by the possibility that certain cf the F, lines may be wrongly 
classified. That this possibility is not a remote one may be noted from 
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the F, results given in Table I]. If larger F, populations were avail- 
able, certain of the lines would probably be found in other groups. 


TABLE, II 


Fz PROGENIES OF RANDOM SELECTIONS OF Fs INDIVIDUALS CLASSIFIED AS STRINGLESS AND 
Strincy, Pencit Pop X Rosust 


Genotype F» stringless | ae Genotype F. stringy i, 

plants Stringless Stringy plants Stringless Stringy 

Homozygous I 6 i) Heterozygous I 3 3 

stringless 2 13 ° 2 22 19 

3 if oO a 2 3 

4 7 ) 4 5 21 

5 7 (0) 5 4 I! 

Heterozygous 6 8 7 i ; - S 

7 21 7 8 i ee 

8 15 I x Z 

9 31 15 Homozygous 9 23 

ae) 47 9 stringy 10 ° 32 

It 28 

12 0 12 

13 oO 23 

14 0) 14 


Different classification of a very few lines would greatly change the 
results, as each group is represented by a small number of Fy, 
populations. 


Homozygous Homozygous 
stringless Heterozygous stringy 
(QUeSaeCl Ae eens Ae 78.5 128.2 Bee 
Calemlatedeieeel Aacs..+...+- 61 122.0 61.0 
IDSWBROASAY ae ae el eee 17a5 6.2 = BY) 


A Cross Between Refugee Wax (Stringless) and Tennessee Green 
Pod (Stringy) 

The data from this cross appear to be markedly different from the 
two previous crosses, and cannot be readily explained by a single-factor 
hypothesis. The F, of this cross is distinctly stringy; an excess of 
stringy also occurs in the F, grouping. The F, population was made up 
of 19 stringless and 64 stringy. The F, consisted of 3 stringy plants. 
As indicated in Table III, 11 stringless F, plants produced progeny—4 
were entirely stringless and 7 segregated into both types. Of the 37 
stringy F, plants that produced progenies in F,, 19 were heterozygous, 
17 bred true for stringy, and one produced only stringless. The figures 
are considered to indicate that the 83 F, plants were made up of the 3 
genotypes in the following proportions: 8.3 homozygous stringless, 44.3 
heterozygous, and 29.4 homozygous stringy. The hypothesis which may 
best explain these figures calls for theoretical numbers of 5.2 homo- 
zygous stringless, 41.5 heterozygous, and 36.3 homozygous stringy. The 
P value is approximately .19. Altho this value is rather low to be con- 
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sidered generally significant, the nature of the present data are such 
that it may be of importance. Small populations and possible errors 
in classifying the material might tend to detract from the agreement be- 
tween the theoretical and actual ratios. 


TABLE IIT 


F, Procentes or Ranpom SeELections or E. InpivipuaLs CLASSIFIED AS STRINGLESS AND 
Strincy, RerFuGEE Wax & TENNESSEE GREEN Pop 


F; F; 
Genctype F2 string- ——_———— Genotype F's ‘St UM Sy g eeeeeeeeemeeaes 
less plants Stringless Stringy plants Stringless Stringy 
Homozygous I ia o Homozygous I 8 0 
stringless 2 5 to) stringless 
° is 2 Heterozygous 2 3 5 
4 4 ) 
3 3 i 
Heterozygous 5 y) 4 4 3 I 
6 10 a 5 4 4 
Gi 20 4 6 3 4 
8 3 I 7 7 4 
9 II 7 8 I 4 
10 T's 6 9 4 10 
11 5 2 10. 5 8 
11 I 7 
12 Il 4 
13 3 8 
14 1 4 
1s 4 II 
16 I 8 
17 7 I 
18 3 23 
19 I 15 
20 I II 
Homozygous 21 ° 6 
stringy 22 o 10 
23 (0) a 
24 (o) 16 
25 o 11 
26 ° 8 
27 0 2 
28 (0) 7 
29 to) II 
30 0 13 
31 ) 14 
2 to) 12 
33 0 5 
34 0 14 
35 ° 13 
36 to) 18 
37 © 17 


The hypothesis for explaining the data from the 3 crosses assumes 
one dominant factor producing stringless, but a second factor, when 
present, inhibits the action of this factor. The factor for stringless is 
indicated by S and the inhibiting factor is termed T. Assuming these 
2 factors it is possible to have 3 genetic types of stringy, namely TTSS, 
TTss, and ttss; whereas the only possible stringless is ttSS. A cross of 
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TTss by ttSS would give a phenotypic ratio of 13:3 or a genotypic one 
of 1:8:7. This is a possible combination for the Refugee Wax * Ten- 
nessee Green Pod cross. A cross of ttSS by ttss would give results such 
as those obtained in the first two crosses discussed. 


Fig. 5. Pods of the Stringy and Stringless Types 


Emerson’s data (1904) which did not seem to conform to the 
hypothesis of a single dominant factor for stringless may possibly be 
brought into agreement with the data_of this paper. Emerson’s data 
for the cross wherein he found dominance to be incomplete are as fol- 
lows: 10 F, lines were grown from stringless F, plants; 5 of these bred 
true and 5 segregated; 7 of the intermediate F, class were tested and 
all were found to segregate; 11 stringy F, plants produced progeny ; 
7 of these bred true for stringy and 4 were heterozygous. Applying 
these proportions to the F, of Emerson’s 5 crosses with a population 
of 114 stringless, 80 intermediate, and 78 stringy, gives the following: 


Homozygous Homozygous 
stringless Heterozygous stringy 
OUNSB A RECE GAs oral ones Oana 57 165 50 
G@aicalated! Weiter fh.0- 3 = «9 68 136 68 
IDIEREICS.  biste oooh e mao oememe —Il 29 aS 


P value equals .oor. 
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Thus Emerson’s data may roughly agree with the expected results 
if the crosses were between TTSS and ttSS. That the agreement be- 
tween the actual and theoretical is very poor is realized, but the diffi- 
culties of classifying the material and the combining of data from 5 
different crosses are of importance in this connection. There is an im- 
portant possibility that some of these crosses were between TTss and 
ttSS. This combination would give dihybrid results and therefore 
might cause the poor agreement. Unfortunately, the data from /mer- 
son’s individual crosses are not available. 

The figures in Table [IV from a number of additional crosses provide 
some evidence that may be of interest. These data were obtained by 
pulling out the string of mature pods and classifying them as either 
stringless or stringy. Altho the value of these figures is limited by the 
fact that only phenotypic ratios are available, one point is rather defi- 
nitely demonstrated and at least one other is suggested. It is fairly 
definitely shown that the stringlessness of the variety Refugee Wax is 
genetically different from that of certain other varieties and it is sug- 
gested that two genetic types of stringy may also exist. 


TABLE IV 


F, ano Fy Data on THE INHERITANCE OF STRINGS FROM CROSSES BETWEEN VARIOUS VARIETIES 


Designation Fy Possible 
Varieties crossed number of F, ~-———— theoretical Deviation 
cross Stringless Stringy ratio 

Burpee’s Stringless X 

Davis Wax (stringy)...... I 2 stringless 21 7 Sau 0 
Burpee’s Stringless 

Black Valentine (stringy).. 2 2 stringy 57 69 7:0 1.9 + 3.76 
Refugee Wax (stringless) X 

Longfellow (stringy) ..... 3 Unknown 15 a7 1:3 0.5 + 2.30 
Refugee Wax X 

Black Valentine) © 22. <a. 4 3 stringy 7 17 1:3 1.0 + |1.43 
Refugee Wax X 

Crystal White Wax ...... 5 2 stringy 13 80 3113 4.47 + 2.54 
Crystal White Wax X 

Retugees War See. c esi 6 Unknown 26 Tse 3.713 7.4 + 3.51 


A single Black Valentine (stringy) plant was crossed with the two 
stringless varieties, Burpee’s Stringless Green Pod and Refugee Wax. 
As indicated in Table IV, the result approaches a ratio of 7 stringless 
to 9 stringy in one case and in the other the observed result closely 
agrees with a 1:3 ratio. The crosses referred to are numbers 2 and 4. 
It is believed that the difference is too great to be explained on the basis 
of inaccurate classification of the F, plants. This is in disagreement 
with the theory used to explain the F, results, previously discussed, 
inasmuch as that hypothesis required that all stringless plants be of the 
same genetic constitution for stringless. It is apparent that the two 
ratios in Table IV may be explained by assuming two dominant com- 
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plementary factors necessary for the development of strings. It 
may be considered that Black Valentine carries both factors, Refugee 
Wax one, and Burpee’s Stringless Green Pod neither of them. But to 
bring this hypothesis into agreement with results from other crosses 
requires the assumption of at least two additional factors. Such an 
explanation is probably too theoretical to be justified without more 
extensive data than is now available. 

That two genetic types of stringy exist is suggested by crosses I 
and 2. Burpee’s Stringless was used as the stringless parent in both 
crosses and gave quite different results with the two different stringy 
varieties. The divergence is so great between the two results that it is 
thought a different genetic constitution for the two stringy parents af- 
fords the most likely explanation. The fact that the same Burpee’s 
Stringless plant was not used involves the possibility that two genetic 
type of stringless were present rather than two stringy types. 

In the preceding material the author has desired especially to indi- 
cate the complex inheritance of the character under consideration. There 
remains the question of the effect that environment may have on the 
development of the string. Altho no formal data have been collected 
on this, a number of stringless and stringy varieties have been observed 
growing in different localities and under varying conditions. No sug- 
gestion of a difference in stringiness or stringlessness which could be 
correlated with the growing conditions has been noted. 

Inasmuch as lignification of the string does not start until the pod 
has developed for about ten days, the age of the pod hzs some relation 
to stringiness in the stringy varieties. After lignification starts it ap- 
pears to gradually increase until the pod matures. 

The indications for a complex inheritance of strings may be sum- 
marized by observing the variable results secured from different crosses. 
In certain of these, stringless is dominant and probably the result of a 
single gene. In other crosses the dominance is reversed, requiring the 
presence of two factors for a suitable explanation. The two factors 
have given indications of being complementary. In one cross the two- 
factor hypothesis postulates that one factor inhibits the action of the 
other or is epistatic to it. Two types of stringless are shown to exist 
and probably the same is true for stringy. 


INHERITANCE OF FIBER IN THE SIDE WALL OF 
THE POD 


Fiber in the side wall of the pod is a character of distinct economic 
importance and one that is also very difficult to study genetically. The 
difficulty arises from the variable expression of the character at differ- 
ent ages of the pod and probably under different growing conditions. 
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Furthermore, the lignified tissue in this case occurs so that no suitable 
method of quantitatively measuring it is. readily available. A method 
of making a chemical analysis of the crude fiber of the pod after the 
string has been removed is now being tried. However, the data so far 
obtained with it are not sufficient to be included. The data presented here 
were obtained by examining pods from individual plants and attempting 
to classify them according to the parental material. The figures are 
unsatisfactory and are only presented with the hope that they may be 
of some interest to others working with this character. Two crosses 
were studied, Longfellow > Wardweil and Pencil Pod % Robust. 
The Longfellow and Pencil Pod varieties are comparatively free from 
fiber in the side wall while the others are very fibrous and tough. F, re- 
sults from Pencil Pod &* Robust are as follows: 


: Fiberless Fibrous 
Observed! ators eat easeadanscreters acne ain 34 132 
Calculated ratvousikow mee ceo ce 31.1 134.9 
DIGFERENCE Sr ee totetes aeteae ates bee Cisne 20 SB e8O 
Galcilated@natioaies) even oer cenese Al.5 124.5 
DURE EMGE: Uses es cen vere ets ees eee ESO 


The F, of this cross was 
distinctly fibrous. The F, re- 
sults. closely agree with the 
theoretical 3:13) srationmeeney, 
may also be considered to rep- 
resent a 1:3 proportion. The 
data secured by growing prog- 
enies from some of the F, 
plants are presented in Table V. 


Progenies were grown from 
4 F, plants that were classified 
as having fiberless pods. Two 
bred true for “fiberless” but 
the total number of F., plants 
obtained from both was only 
15. One of the 4 lines ap- 
peared to be heterozygous giv- 
ing 3 fiberless to 13 fibrous F, 
plants. The fourth progeny 
is Oat SAC tie Ree was made up of 7 fibrous- 
Pata vouent aventee aimee podded plants. Obviously, the 
number of lines tested was too 
small to give an accurate test for the genotype of the fiberless F, group. 
If the 34 plants in this group are divided according to F, results, the 
following numbers are obtained: 17 homozygous “fiberless,” 8.5 hetero- 
zygous, and 8.5 homozygous “fibrous.” 
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TABLE V 
F, Proceny oF Ranpom SELEcTIONS oF Fy INDIVIDUALS CLASSIFIED AS FIBERLESS AND FIBRous, 
Pencit Poo X Rosust 


Genotype Designation F, ——— ee —— 
number Fiberless Fibrous 
Homozygous fiberless .....6.. 0-00.05. 80 Fiberless 9 (G) 
2 do 6 io} 
RTECETOZVPOUS) icine rican eh <hvadeea ces 260 do 3 13 
HTamazyeOus  DIDTOUS. ere ws qs se ig este 78 do 0 7 
Bemozygous fiberless ............--8- II Fibrous 12 (a) 
RC REIN OPPS slates sn) ais St Rind 68a) « 2 essa 235 do 10 17 
52 do 6 22 
100 do 4 II 
&3 do 4 18 
9 do 3 6 
ommioZyeOnse AIDTOUS: sf cca decks ce ve ee 121 do o 47 
10 do (a) 42 
41 do te) 31 
113 do te) I4 
118 do (0) iv) 
45 do o 23 
38 do Co) 27 
4 do ) a8 
28 do oO 16 
102 do oO 14 
93 do o) 12 
53 do to) 5 
89 do oO 12 
6 do () 6 


Twenty fibrous-podded F, plants produced progenies the following 
generation. Fourteen gave only fibrous and a total of 323 plants. Five 
of the lines segregated into the two types, producing a total of 20 fiber- 
less-podded plants te 74 fibrous-podded ones. The theoretical numbers 
for a single-factor ratio are 23.5 to 70.5, respectively. The difference 
is 3.5 +283. lf the F, is a 3:13 ratio, the heterozygous plants should 
give progenies showing a 1 :3 and a 3:13 ratio in the proportion of 2:4, 
respectively. Unfortunately, however, the F;, populations are too small 
to distinguish the two ratios. The one fibrous-podded F, yet to be 
considered gave a total of 12 fiberless-podded F, plants. On the basis 
of their breeding behavior the 132 fibrous F, individuals then may be 
of the following genotypes: 92.4 homozygous fibrous, 33.0 heterozygous, 
and 6.6 homozygous fiberless. Combining these figures with those cal- 
culated from the fiberless-podded F, progenies gives the following: 


Homozygous Homozygous 
fiberless Heterozygous fibrous 
PMU ET CSS Mowe. sizuetneqease sce sre si 17.0 8.5 8.5 
TVMREIDCOUS Lethietccn cee cc casero 6.6 33.0 92.4 
“TeRaUI ENS Goto hc Re eee meee 23 6 41.5 100.9 


Altho the results are not readily explained on a genetic basis, they 
suggest the difficult and complex nature of the character. 
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The data secured on the F, and F, of another cross are entirely 
different, thereby giving further evidence that the genetics of the char- 
acter is complex and differs in different varieties. This cross is that 
made between Wardwell (fibrous) and Longfellow (fiberless). The 
F, was fibrous and the F, agrees fairly well with a theoretical one to 
three ratio. The data for F, were 27 fiberless to 68 fibrous, the ex- 
pected for a 1:3 being 23.75 to 71.25, respectively. The difference is 
B25 22.85; 

But here again the F, results (Table VI) do not agree with the ex- 
pected for a single-factor difference. Progenies were grown from 17 
fiberless-podded F, plants. Ten bred true giving a total of 128 indi- 
viduals in F3. The progeny from one plant was entirely fibrous-podded 
and consisted of 6 plants. The remaining 6 were composed of fiberless 
and fibrous-podded plants. The numbers of each type were 42 fiberless 
and 58 fibrous; a very poor agreement with the results expected if the 
character is associated with a single genetic unit. 


TABLE VI 


F; Procenirs or Ranpom SeLectTions oF Fy InprvipuaLs CuLasstriep As FIBERLESS AND 
Fisrous, WARpWELL X LonGreLLow 


Fiberless Fs Fibrous Fs 
Desig- Distribution in F; Desig- Distribution in F, 
Genotype nation Genotype nation 
number Fiberless Fibrous number Fiberless Fibrous 

Homozygous 1-5 II te) Homozygous 3-19 II o) 
fiberless 3-% 9 Co) fiberless 3-24 20 ° 
BES) 13 te) 1-6 16 fo) 
3-8 II fe) I-17 18 (a) 
3-27 12 to) 3-16 20 o 
3-32 Il fo) 3-18 22 fo} 
4-5 16 ) 4-11 U7 to) 
ies ie i Heterozygous 3-14 3 18 
4-21 9 0 3-15 3} 10 
I-13 I 3 
Heterozygous 1-2 7 13 3-28 10 4 
1-3 2 3 3-30 6 6 
3-2 6 4 4-2 5 19 
3-9 21 13 4-14 7 I 
3-11 4 16 4-15 6 5 
4°35 2 9 4-16 2 8 
Homozygous 4-24 fo) 6 BRL/, I 13 
fibrous 4-8 7 21 
Homozygous 1-8 ) 10 
fibrous 1-22 to) 8 
Sil ie) 6 
4-25 Co) 5 
4-26 ° 3 


Twenty-three fibrous-podded F, individuals produced progenies 
in F,. Seven of these populations were fiberless, 11 were heterozygous, 
and 5 had only fibrous-podded plants. The seven with only fiberless 
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had a total of 124 F, individuals. The eleven segregating lines had 51 
plants without and 105 with fiber. The expected numbers from individ- 
uals heterozygous for a single factor are 39 and 117, respectively, the 
difference between the actual and the theoretical being 12 + 3.80. 

The 5 populations which were entirely fibrous were made up of 32 
plants. All are extremely small populations and, therefore, of limited 
value. It should be noted also that the single plant classified as fiberless 
in F, that gave nothing but fibrous-podded F, plants produced a very 
small population consisting of only 6 individuals. 

On the basis of the F, figures, it is possible to separate the F, 
phenotypes into the three genotypes considered and to calculate the 
number in each genotype. The 27 fiberless-podded F,, and the 68 fibrous 
should be composed of the following: 


Homozygous Homozygous 
fiberless Heterozygous fibrous 
ER MIST CSS Ie thrsettayc cc acid soe an 15.9 0.54 1.59 
[FA Init 0} 1S" cena OR ee eee 20.7 32.52 14.75 
INGKEMY cho Soe one Oe 30.6 42.06 16.34 


The result is not readily explained without assuming a number of 
factors that again might not be justified with such small numbers. The 
above ratio in comparison with a 1 :2:1 and a 7:8:1 gives P values that 
are infinitely small. 

Therefore, it is apparent that altho the F, ratios give indications of 
one or two factor differences, the indications are not supported by geno- 
typic tests. Two difficulties which one must consider when studying 
the inheritance of this character are outstanding. The problem of prop- 
erly classifying the phenotypes is perhaps the more serious. Altho 
chemical analysis for crude fiber is a slow and expensive procedure to 
use for genetic classifications, it may be a means of securing accurate 
data. The second difficulty is that of securing a large number of seeds 
from individual plants. This may be overcome to some extent by giving 
the plants the most favorable growing conditions possible. Also using 
pole or climbing varieties may be desirable as they are more productive 
of seed. ; 


INHERITANCE OF WIDTH OF PODS 


The varieties which were used for the cross are Wardwell, a wide, 
flat-podded variety, and Longfellow, a narrow, round-podded type. The 
difference between the shape of the pods of the two varieties is one of 
width from suture to suture. This has been demonstrated by measure- 
ments of the thickness of the pods on both varieties. No statistically 
significant difference in thickness was shown. In the F, populations so 
far studied there has not been a significant correlation between pod 
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MEANS AND COEFFICIENT 


or 


TABLE VII 


ror Pop Wiptus oF PARENTAL Fy, Fs, AND Fs 


VARIABILITY 


GENERATIONS, WARDWELL X LGONGFELLOW 


Classes for mean width of pod in centimeters 


Generation — —— ~ —___—_-——— — Total Coefficient of 
0.9 1.0 er Tae a 1.4 T.5 lines variability classes 
Py I I 6 
P, I 1 9 
Fy I I 3 
F, I I 17 
F, lines I i oO 
fa) I 
oO 2 
0 3 
2 2 3 1 8 4 
I 2 2 2 7 5 
2 3 1 2 8 6 
I I 2 2 I 7 7 
2 I I 4 8 
I I 9 
I 2 2 5 10 
I I II 
2 2 12 
I I 13 
I I 2 14 


Fig. 7. Representative Pods from 
Parents a, c, aud F, b. 


Note 
width of bb. 


intermediate 


shape 


and 


thickness and the ratio of pod width 
to pod thickness. The varieties have 
proved to be distinctly different in 
width measurements and width has 
shown a high degree of correlation 
to the above-mentioned index. 

The data obtained are given in 
Tables-VII and VIII. It will be 
noted that one cross was carried 
through the F, generation and an- 
other through the F,. 

The figures were secured by 
measuring the width of not less than 
four pods per plant. The average 
of the four pods was considered to 
represent the pod width for that par- 
ticular plant. Plants of the parent 
varieties were grown in comparison 
with the F, hybrids of both crosses, 
and with the F, of the second cross. 
The F, and F, of the first cross were 
grown without parental material for 
comparison. 
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TABLE VIII 


RESULTS SECURED FROM TITE SECOND Cross 0F WARDWELL X LONGFELLOW 


Width classes in centimeters 


Generation Year - Mean Standard Coefficient 
STOMTL O30°.0.7 O18. O19 G0) T.t 12 deviation of variability 

Py LO2s IG sn 3 .671 + .006 .060 + .004 9.00 + .59 

Py 1929 15 36 I 773 4-005 «050 = .004 7:23, -E .48 

Py 1928 Guo tef40:-).001 003 008 5.52.68 

Py 1929 Cmeiam mieten OOS) 2059 = -005, 4.52: 42.47 

Fi 1928 vr 3 1008 =: ore 1055 - .008 6.10 + .92 

F. 1929 BTSs 39.40 24 I 850 + .007 .120 + .005 14.12 +..60 


In both crosses the F, populations were small but appeared to be 
intermediate for pod width and were no more variable than the parents. 


Fig. 8. Representative Pods from Parents 1, 2, and Various Fy Classes 3 to 7 


Altho the F, means are intermediate, the variation is quite distinct. The 
F, results are not satisfactory owing to the small populations and to the 
absence of parental material for comparisons. There is some evidence 
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that certain lines from all the F, groups were fairly homozygous in 
their F3 behavior. This is a possible indication that the character is 
controlled by a number of factors. Table-[X shows a correlation sur- 
face for the width of F, pods on plants heterozygous for the character 
and the mean pod width of their F, families. These heterozygous 
plants were selected on the basis of the variability which they showed 
in F,. The fact that the correlation is significant is an indication that 
more than one factor pair is concerned in the development of pod width. 
If only a single pair were concerned, the probabilities are that all hetero- 
zygous F,, individuals would give approximately the same means in F,. 

The correlation between all IF, means and their F, measurements 
is given in Table X. The high degree of correlation in this case is 
believed to indicate an important role for inheritance in the development 
of this character. 

TABLE IX 


RELATION OF Pop WiptuH oN SEGREGATING Fy PLANTS AND MEAN WiptH or THEtIR F3 FAMILIES 


Classes for mean width in Fs, in centimeters 


1.00 TO 1.10 TES 1.20 1.25 1.30 0.35 Total 

nD 
= 1.0 2 I 3 
a 
oa) I.1 I I 
a 
eS 
ie 1.2 r 4 5 
Si 
a 
3 1.3 2 BZ I 5 
0 
PA 
“ 1.4 I I 
° 
a Tes rT I 2 
e 
= 1.6 I I 

Total 2 2 7 B 2 I I 18 

£ = ,601 2.502 
TABLE X 


RELATION oF WiDTH oF Pop on Fy PLrants AND MEAN WrpvTtH or FF: FAMILIES— 
WarDWELL X LONGFELLOW 


Classes for mean width in Fs, in centimeters 
0:05) T:00— 1,05) 1.00 SLs! Gerson | In25) 1-0 at-3\sen eal OMmenas Total 


1.0 I I 4 4 I Il 
ES Dor I I 2 I 5 
§ 
o sie! I I 2 I 6 I 2 14 
(x 
a ae) a x 2 I 8 
° 
G I. 1 2 3 
S 1.5 I I I I I 5 
1.6 I 1 
Total 2 4 Ti Re II 3 6 4 I I I 47 


f= 266"=—) 2056 
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LINKAGE RELATIONS 


The cross between the Wardwell and Longfellow varieties provided 
an opportunity to observe the linkage relations for string, for fiber, and 
for pod width. Altho no definite genetic relationship was indicated be- 
tween string and the other characters, there is evidence that width of 
pod is associated with the development of fiber. The F, data of the 
second cross between the above named varieties is given in Table XI. 
The Wardwell variety is wide and fibrous, whereas Longfellow is nar- 
row and comparatively free of fiber. If the characters tend to remain 
together, the F, plants with fiber should have a greater pod width than 
those without it. The data show that this actually occurs. The differ- 
ence between the means is several times greater than its probable error 
and is, therefore, statistically significant. 

Further evidence of this linkage is afforded by a number of va- 
rieties of snap beans. No wide-podded variety has been observed that 
did not develop fibrous tissue in the side walls. Likewise a fibrous 
round-podded variety is unknown to the writer. Inquiries on this point 
have been put to several gardeners and scientific workers. In no case 
has an exception to the above generality been indicated. 

One question of interest in this connection is whether both char- 
acters are dependent on the same gene or genes or on different ones 
closely linked in the same chromosome. The F, material which was 
grown in 1929 was arbitrarily separated into narrow and wide pods. 
Where these were classified for the presence or absence of fiber, all the 
narrow pods, with but one exception, were noted as being free of fiber. 


TABLE XI 


CoMPARISON OF THE WiptHs oF Pops Tuat Drvetor Finer with Tuose THat Dip Nor 
Devetop Turs Tissue 


Width, centimeters 


pes . = Mean 
0.7 0.8 0.9 D0! 1.1 Tz) 
PESO LS Mee tepare eaayih visiaievsis.cre'si0) «6 2.0 15.0 25.0 22.0 1.0 1.004 + .007 
IME TESS MNEs so esans Kes hes 5.0 17, Oumeurz20 22.0) 2.0 0.882 + .007 


In the case of the wide pods-there were only four found to be without 
fiber. It has already been suggested that fiberless and fibrous pods are 
often difficult to distinguish accurately. Therefore, these five possible 
crossover types may have been wrongly classified for fiber. It seems 
quite probable that the presence of fiber in the side wall of the pods 
might cause them to develop the flat, wide type rather than the round, 
fleshy type. A definite answer to this question may result from the F, 
results of the F, of 1929. The F, records of the previous cross between 


these varieties were lost before this particular point was checked. If it 


can be shown definitely that the two characters are controlled by the 
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same genes, it may be of considerable interest, as it would facilitate the 
detecting of fibrous pods, and thereby genetic studies of this character. 

In concluding the discussion on pod width it can be stated that be- 
tween the varieties crossed there is undoubtedly a difference of at least 
two factors. Also pods with fibrous side walls tend to show a greater 
width than those that are free of such fiber. This may be the result of 
either a genetic linkage or of multiple allelomorphs. 


STUDIES ON POD COLOR 


The variety known as Crystal White Wax produces pods of an un- 
usual color. The color is a grayish or silvery one that is readily dis- 
tinguished from the green and yellow pod colors of the better known 
varieties. So far as known the inheritance of this color has not been 
previously investigated. 

Tschermak, Emerson, and others have shown yellow to be recessive 
to green and to differ from it by a single factor. If the silver color of 
Crystal White Wax also differs by a single factor from green and is 
not allelomorphic to or linked with the factor for yellow, a cross of 
silver by yellow would be expected to show a dihybrid segregation. 
Several crosses involving these various colors have been made. A cross 
between Wardwell (yellow) and Crystal White Wax (silver) has been 
carried through the F, generation and will be discussed in detail. The 
F, generation from this cross was made up of four green-podded plants. 
In the F, generation, a new color type was segregated as the pure 
recessive. This is a clear white pod of unusual attractiveness. The 
two parental colors and green were also recovered in F,. 

According to the description given by Joosten (1927) of the anatomy 
of the bean pod in cross-section, the color of the green pod is located 
uniformly in both the inner and outer parenchyma. Altho the yellow 
type has green plastids when the pods are young, these change to yellow 
as the pods develop. However, the inner parenchyma of the yellow 
pod, so far as observed, never appears to contain colored plastids. The 
silver type has a reduced number of green plastids in the inner paren- 
chyma, and in the outer parenchyma appears to have no color except 
a narrow band of green adjoining the fibrovascular bundles in this 
tissue. The white, being a combination of the factors for yellow and 
silver, is of most interest. It has the colorless inner parenchyma of 
the yellow type and the colorless outer parenchyma of the silver. The 
ring of green of the silver adjoining the fibrovascular bundles is present 
but is greatly reduced in extent. 


Fig. 9. Transverse Section of a Pod Showing Relative Positions of Different Tissues 


Strings, 1; epidermis, 2; outer parenchyma, 3; fibrovascular bundles, 4 and 7; 
inner parenchyma, 5; fiber of the side wall, 6. Enlargement about 15 times. 
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The F, plants were made up of the following colors: 


Color types 


Green Yellow Silver White 
Observed! oirematvasemrcses swiss 96 22 24 8 
GalenlatedMorerotmmenmrr sa. ac 84 28 28 9 
Ditlerences aac scea tees 12 = a —] 


The P value calculated from the above figures on the basis of a 
9:3 :3:1 ratio was found to equal .29 or over one chance in four of 
getting this difference as a result of random sampling. 

Thirty of the F, green plants were selected at random for testing 
in F,;. On the basis of the dihybrid hypothesis these green-podded 
plants would be expected to show four different genotypes as follows: 


Number Genotype Expected progenies 
I AABB All green 
2 AaBB 3 green, I yellow 
2 AABb 3 green, 1 silver 
4 AaBb 9 green, 3 yellow, 


3 silver, 1 white 


Three of the total of 30 plants bred true for green pods; 5 segre- 
gated for green and yellow, 9 for green and silver, and 13 for green, 
yellow, silver, and white. Comparison of the observed with the calcu- 


lated foliows: 
Color types 


Green Yellow Silver White 
Observiedaae erica iene 3.0 5.0 9.0 13.0 
Caleulatedic2 22" 4m ern ee hae 28} 6.7 6.7 1383 
DitherenCer a Syeda se eeee Cee ee —0.3 sala rna Pag —03 


The P value for these figures is 0.74. 


The 13 plants segregating for 4 colors would be expected to give a 
ratio of 9:3:3:1 or a duplicate of the F, results. The observed and 
expected results from the 13 plants follow. The P value was calculated 
from these data to be .62. 


Color types 


Green Yellow Silver White 
Observed™ ses merc bara darteeees 288 04 82 30 
Calculated Mo 3h aistes ann ene 277 93 03 31 


DaeRerem COM ere em tonterreie aun II I iit =I 


Five F, green-podded plants gave only green and yellow in F,. 
The total number of F, individuals was 160, of which 117 were green 
an 43 were yellow; the expected numbers are 120 and 40, respecting 
The deviation therefore is 3 + 3.60. 

Nine F, green-podded plants produced only green- and silver-podded 
individuals in F,, the total number being 361. Of these, 275 were 
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green- and 86, silver-podded; the expected numbers are 271 and go, 
respectively. The deviation is 4 + 5.55. 

Progenies from 10 F, yellow-podded plants selected at random were 
grown in F,. These F, plants were expected to show 2 genotypes in 
the proportion of one homozygous for yellow to 2 heterozygous for 
yellow and white. Seven of the 1o plants produced both yellow- and 
white-podded individuals in F,, while 2 produced only yellow-podded 
ones, and one produced green- and yellow-podded individuals. Very 
probably this individual bore green pods and was wrongly classified in 
the F, records. When a green-podded plant reaches maturity, the 
chlorophyll gradually disappears from the pods at which time such a 
plant may readily be mistaken for a yellow-podded one. The F, results 
are approximately those which would be expected from a plant hetero- 
zygous for green and yellow. Disregarding this line, the 9 yellow- 
podded F, plants give a deviation from the theoretical genotypic ratio 
Ob 1 == 0.95. 

The F, yellow-podded plants producing both yellow and white pods 
in F, gave a total of 181 individuals. Of these 137 were yellow and 44 
were white; the expected numbers were 136 and 45, respectively. The 
deviation is equal to 1 + 3.93. The two plants that gave only ‘yellow- 
podded individuals produced a total of 129 F, plants. The one indi- 
vidual which gave green and yellow produced 10 green to 4 yellow. 
This is a close approximation to the ratio expected from a green plant 
heterozygous for green and yellow. 

Progenies also were grown from Io of the F, silver-podded plants. 
They would be expected to show the same type of behavior as the F, 
yellow-podded individuals. Six of the Io gave silver and white, and 4 
gave only silver; the expected numbers are approximately 7 and 3, re- 
spectively. The deviation is 1 + 1.0. The total number of plants ob- 
tained in the F, generation from the segregating F, individuals was 
151, of which 107 were silver and 44 white. The theoretical numbers 
are 113 and 38, making the deviation equal to 6 + 3.59. 

Six progenies were grown from plants that bore white-colored pods 
in F,. The total number of Fy individuals grown was 136, all of which 
bore only white-colored pods. 

Two additional crosses between yellow- and silver-podded plants 
were carried through the F, generation. A cross of Refugee Wax by 
Crystal White Wax yielded 2 green-podded F, plants. The F, of this 


cross gave the following: 
Color types 


Green Yellow Silver White 
ORES a eet coo nine erence 55.0 13.0 14.0 4.0 
GAlclatednOrsset, fF aaeas. as 48.6 16.2 16.2 5.4 
DINERS! GAP On aoe 6.4 —3.2 —2.2 —I.4 


The P value for these figures is 0.56. 
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From the second cross, which is the reciprocal of the above, 3 green- 
podded F, plants and the following F, numbers were obtained: 


Color types 


Green Yellow Silver White 
Observed cerempmrnccavarc cans: 114.0 32.0 22.0 14.0 
Calculated: Geers cleascas secs 102. 34.1 34.1 11.4 
Differences ceri: sashes waa sarns 11.0 —2. 25 2.6 


The P value in this case is 0.11. 


The white-podded segregate crossed with silver or yellow would be 
expected to show a single-factor behavior. When it was crossed with 
yellow, one yellow-podded F, plant was obtained. In the next genera- 
tion, 38 yellow-podded plants and 9 white-podded ones were produced. 
The calculated numbers are 35.25 and 11.75, respectively. The differ- 
ence is 2.75 + 2.0. White by silver gave one silver-podded F, plant. 
In F,, 12 plants were silver-podded and 3 were white-podded. The 
calculated numbers for these figures are 11.25 and 3.75, respectively. 
The driteréence 4s-0.75 =, 1.13. 

The single-factor difference between silver and green is shown by 
a cross of Michigan Robust (green-podded) > Crystal White Wax 
(silver-podded). The F, from this cross consisted of 3 green-podded 
plants . In F,, there were 60 plants with green pods and 24 with silver 
pods. The expected numbers for a three to one ratio are 63 and 21, 
respectively. The deviation is, therefore, 3 + 2.68. In the F, genera- 
tion progenies were grown from Io plants that bore green pods in F,. 


Three of the progenies consisted of only green-podded plants and 7 | 


were made up of green- and silver-podded ones. The expected numbers 
are 3.3 and 6.6, respectively. The deviation is .3 + 1.0. The 7 hetero- 
zygous lines gave a total of 56 plants of which 47 were green-podded. 
The calculated ratio is 42 and 14, making the deviation 5 + 2.19. 
Progenies were also grown from 4 silver-podded F, plants. A total of 
32 plants were produced, all having silver-colored pods. 


SUMMARY AND CONCLUSIONS 


Data of three generations from three crosses on the mode of in- 
heritance of stringlessness are presented. Data from two of the crosses 
can be explained by assuming a single-factor difference between the 
varieties crossed. F, and F, results from a third cross can be explained 
by assuming a two-factor relationship. One dominant factor produced 
stringlessness but may be inhibited in its action by a second factor. 
F, results from a number of additional crosses indicate the existence of 


two genetic types of stringless and possibly two types of stringy among” 


the varieties used for the crosses. 
Two crosses were studied for three generations to determine the 
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nature of the inheritance of fiber in the side wall of-the pod. Owing 
to difficulties of making classes for this character and to the limited 
amount of data obtained on it, no definite statement can be made regard- 
ing its inheritance. 

A cross between the varieties Wardwell and Longfellow indicates 
that pod width is inherited as a quantitative character and therefore 
may be associated with a series of multiple factors. The cross was car- 
ried through the F, generation in one case and through the F, in an- 
other instance. It is hoped the data at hand may be clarified by growing 
a number of F, populations from the latter cross. 

Width of pod is associated with fiber of the side wall of the pod, 
and the two characters may depend on the same factor or factors. 

The inheritance of the pod color of the variety Crystal White Wax 
was found to give monohybrid results when crossed with green. A 
limited amount of data on the F,, F,, and F, of this type of cross was 
secured. When Crystal White Wax was crossed with a yellow-podded 
variety the F, and F, generations gave results which agree with the 
theoretical numbers for a dihybrid behavior. The double recessive from 
this cross represents a new pod color so far as known by the author. 
When crossed with either yellow- or silver-podded plants, the F, num- 
bers are approximately in the ratio of three yellow or silver to one 
double recessive. The color regions for the four types of pods are 
described with reference to the anatomical structure of the pod. 
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A STUDY OF SENESCENCE IN THE 
RED RASPBERRY CANE! 
W. G. BRIERLEY 


INTRODUCTION 


Many descriptions of the growth habit of the red raspberry plant 
Rubus strigosus appear in horticultural literature. Bailey (1) describes 
the raspberry as a plant with a perennial root and erect, or nearly 
erect, biennial canes. Under Rubus he says that in raspberries and 
blackberries the canes bear the second year and then die or become 
very weak. Darrow (4), Hedrick (11), and others, present similar 
descriptions. But in none of these is there any attempt to explain this 
behavior. Altho these writers do not discuss certain phases of the 
growth habit in detail, it is obvious that the apical meristem of the cane 
ceases to function at the end of the first year and that there are no 
winter buds formed on the cane in the second season. The develop- 
ment of the young cane, its behavior in the fruiting season, and subse- 
quent decline and death are of necessity given consideration in 
numerous publications dealing with the practice of pruning. Appar- 
ently no attention has been given in these pruning studies either to 
radial growth or to the internal structure of the fruiting cane. As the 
structure and growth of the cane appear to have a relation to the fruit- 
ing performance and to pruning practices, the present studies were 
undertaken to determine the nature and extent of cambial activity 
and radial growth in the cane in the second year. 


REVIEW OF LITERATURE 


Apparently, there have been no reports upon the behavior of the 
cambium in the red raspberry in the second season, but studies of 
cambial activity and radial growth in other plants have a bearing on 
the subject.. Hartig (9), writing in 1878, appears to have been the 
first to report upon the time of cambial activity in woody stems. From 
his studies, he concluded that in larch and maple cambial activity oc- 
curred first in the youngest twigs and then gradually extended down- 
ward, but that this behavior was not typical of some other trees. Gulbe 
(8) found that cambial activity in many species began with bud de- 
velopment, but that in some species this activity was delayed until the 
leaves were completely developed. Strassburger (29) stated that in 

1 Also submitted to the faculty of the Michigan State College of Agriculture and Ap- 


plied Science in partial fulfillment of the requirements for the degree of Doctor of Philosophy, 
granted June, 1930. 
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general cambial activity begins in one-year shoots just back of unfold- 
ing buds and proceeds downward to the larger branches and trunks 
on which it usually begins uniformly and at about the same time from 
top to bottom. Jost (12) presented further evidence of this relation 
between bud development and cambial activity. Jost (13) later de- 
scribed the xylem development as a wedge-shaped strip of new wood, 
which gradually became thinner and finally disappeared in the direction 
of the stem base. This wood strip was largest below the strongest 
shoots, and in twigs with poorly developed shoots, very limited areas 
of new wood were formed. Mer (20) noted that cambial activity 
appeared first in the youngest twigs, but in certain cases was evident 
on one side of the twig and not on another. Reiche (23) showed that 
radial growth of trees did not occur unless bud development pre- 
ceded it. Lutz (17) also indicated that the initiation of new growth 
is from above downward, but showed further that branches of young 
trees of certain species disbudded in March remained healthy but with 
no radial growth. Hastings (10) found the first new wood was formed 
in the neighborhood of terminal buds and was not continuous around 
the stem. Simon (25) concluded from similar studies that in certain 
woody species secondary thickening spread downward very slowly. 
Pfeffer (21) found that the secondary growth of xylem in trees began 
and ended sooner than that of the phloem. Knudson (15), however, 
found that in the American larch new phloem was formed before new 
xylem appeared, but the greatest growth of phloem coincided with the 
greatest development of xylem. Grossenbacher (7) in 1915 presented 
an excellent review of the literature relating to radial growth, in which 
he showed that in general cambial activity begins in young shoots just 
back of unfolding buds and proceeds downward to the older parts 
of the plant. 

Few reports relating to cambial activity of fruit plants appear in 
the literature. Knudson (16) found that in the grape new phloem and 
xylem were formed simultaneously, the cambium becoming active when 
the leaves were almost completely developed. In the apple, this activity 
was found to be similar to that of the grape in that it was preceded 
by considerable leaf development. In the peach, cambial activity was 
found to begin with the opening of the buds. Knight (14) showed 
that in the apple cambial activity was very similar to that of other 
woody plants, in that new xylem was formed first in the region bearing 
developing buds, and that wherever bud-growth occurred new xylem 
formation invariably accompanied it. This activity proceeded down- 
ward into “bare” regions of the stem in which buds had not developed. 
Swarbrick (27) also found that in the apple, xylem differentiation be- 
gan in the terminal region of shoots and spurs and progressed down- 
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ward towards the roots. He observed that at the base of one-year-old 
shoots the first xylem differentiation was down the sides of the 
“vascular bundles,” and that the vigorous development of a spur on a 
short lateral branch resulted in early xylem formation in the branch 
on the side corresponding to the point of spur insertion. Swarbrick 
(28) later showed that there was no cambial activity in areas on an 
apple shoot, which were isolated by a double girdle and disbudded. 
When buds remained and developed, xylem formation was found to 
be proportionate to the vigor of the shoot. In disbudded isolated areas, 
the cambium lost its meristematic condition by September and xylem 
was not formed at any time. Sledge (26) found that in hardwood 
cuttings of the apple and other species cambial activity not only spread 
downward from the tips due to the stimulus from developing shoots, 
but also spread upward from the proximal ends. He attributed this 
latter type of cambial activity to a stimulus from the wound at the base 
of the cutting. 

As previously stated nothing appears in the literature in relation 
to cambial activity in the raspberry. However, in some studies of the 
behavior of the European blackberry, Bonnier (3) found that some 
canes could be kept alive into the third and fourth seasons, by trellising 
them in a vertical position. Altho he noted a marked decline in vigor 
of growth he found that a ring of new wood and phloem was formed 
in some of these canes in the third season, but this ring was much 
narrower than the rings formed in the first and second years. 
MacDaniels (18), in his studies of fruit bud formation in the genus 
Rubus, found that when old canes of the Herbert raspberry were dis- 
budded they generally died, but disbudded old canes of the Snyder 
blackberry generally lived and frequently produced fruiting laterals. 
In the present studies some old canes of the Latham variety which 
were disbudded in early spring died and dried up by midsummer. This 
behavior of the raspberry is in marked contrast to that of the woody 
species studied by Lutz (17). Bennett (2) attempted to transmit 
virus diseases in the raspberry by budding and bark grafting, but found 
it extremely difficult to obtain successful unions. The present studies 
show that the cambial activity of the red raspberry cane in the second 
season is much the same as that of other woody stems, but that this 
activity in general is feeble. 


DEFINITION OF TERMS USED IN RELATION TO THE 
CANE AND ITS PARTS 


In descriptions of the raspberry plant, or of its horticultural varie- 
ties, or in discussions of pruning there is some confusion in regard 
to the names given to the various parts of the cane. In order to 
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avoid this confusion, the following definitions are offered, covering the 
terms used in these studies : 

Young cane.—The new growth usually arising as suckers from 
the root, or from the underground portion at the base of an old cane. In 
some localities these new canes are called “‘turions.” With regard to 
season, the young cane is considered to continue through the winter 
until the end of the dormant season. On the young cane, winter buds 
are developed from which lateral shoots arise in the second year. 

Old cane.—The cane from the beginning of growth in the 
second year until the end of that season, when the cane usually dies. 
Growth of the old cane results chiefly in the production of leafy lateral 
shoots on which the flowers and fruits are borne. Under normal condi- 
tions no terminal growth occurs in the second year and no winter buds 
are developed either on the cane or laterals. 

Branch.—A division of the young cane, developed in the first 
year. Essentially the same as a young cane, but arising from it instead 
of from the crown or root. 

Lateral.—A leafy shoot of the old cane or branches developing 
from a winter bud and usually bearing flowers and fruits. Many of 
the laterals may produce neither flowers nor fruits. To distinguish 
between them on the basis of performance they may be called fruiting 
laterals or barren laterals. 


INCREASE IN DIAMETER OF OLD CANES 


Observations of old canes of the red raspberry do not as a rule 
reveal any material increase in diameter in the second season. In some 
cases, as shown in Figure 1, an increase in cane diameter is readily 
discernible below vigorous laterals. Bonnier (3) found narrow “an- 
nual rings” formed in the second and third seasons in specially handled 
blackberry canes, but nothing has been found in the literature to show 
that raspberry canes behave in this way. To obtain some detailed evi- 
dence on this phase of the problem, measurements were made of 
dormant young canes and of old canes at the end of the second season. 
Beginning 1 cm. above the ground, measurements were made with a 
vernier caliper at 5 cm. intervals up to the tips of each cane. The 
average of two measurements taken at approximately right angles to 
each other was used as the diameter at each height. The canes were 
arbitrarily placed in three classes with regard to diameters at the 
base as follows: 

(1) Vigorous canes, above 1.25 cm.; (2) medium canes, from 1.00 
to 1.25 cm.; (3) weak canes, less than 1.00 cm. The average diameters 
for the dormant young canes are given in Table I. The measurements 
of the available old canes are given in Table I]. The data from these 
tables are shown graphically in Figure 2. 
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Fig. 1. Old Cane Showing Obvious Increase in Diameter Just Below Vigorous Laterals 


Altho the number of canes in each class was not large and no old 
canes were available with a diameter of more than 1.25 cm. at the 
base, the data indicate that the red raspberry cane generally does in- 
crease in diameter in the second season. The diameters of the dormant 
young canes decline very regularly from the base upward, regardless 
of cane vigor. The old canes show a slight increase in diameter: for a 
distance of about 25 cm. from the base. Beyond that point the diam- 
eters decline more or less regularly with increasing height. Measure- 
ments of the old canes at hand could not be made up to the same height 
as the new canes because of tip pruning. Comparisons between the 
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TABLE I 
DiaMETERS OF NEW CANES AT SUCCESSIVE HEIGHTS 
Vigorous Medium Weak 
Height a = - - 
above Average Average Average 
ground No. diameter No. diameter No. diameter 
in em. canes in cm. canes in cm. canes in cm. 
I 15 1.42 18 Li2 18 0.89 
6 15 1.38 18 1.05 18 85 
II 15 1.34 i8 1.02 18 81 
16 tS 1.30 18 -99 18 +79 
21 15 1.2 18 -97 18 ar rf 
26 15 1.25 18 .96 18 By AG 
31 15 1.2 18 -93 18 -72 
36 15 1.20 18 -gI 18 -70 
41 15 LeE7 18 .89 18 .68 
46 15 Fars 18 .87 18 66 
51 a tepid 18 85 18 -64 
56 15 1.09 18 83 18 -61 
61 15 1.08 18 80 18 «58 
66 15 1.05 18 .78 18 “57 
71 15 1.03 18 a3 16 -56 
76 15 I.O1 18 73 16 -54 
81 15 .98 18 -70 16 -52 
86 15 95 18 68 15 -51 
gI 15 -9I 18 -65 14 +50 
06 15 -90 18 .64 13 -48 
101 15 .86 18 62 10 -48 
106 15 -83 Ly. 61 10 +44 
III 15 .80 17 58 10 -4I 
116 15 -77 7 “55 10 +39 
I2r 15 -74 16 “51 10 Kyi 
126 15 ares 15 -49 8 -36 
131 15 168 13 -47 6 Og 
136 15 -64 12 “45 — —- 
141 12 -64 10 44 
146 12 +59 10 -40 
151 10 -61 9 +39 
156 10 “57 6 -41 
161 10 -53 5 +39 
166 9 +51 4 +37 
171 9 -49 = = 
176 9 “47 
181 8 -45 
186 7 -42 
191 6 +41 
196 6 39 


old and young canes of the same relative vigor show that the old cane 
has a small but constant advantage in diameters except at the base. 
This relation is shown clearly in Figure 2. These data indicate that, 
in the average old cane, radial growth occurs in the central and upper 
portions but not at the base close to the ground. 

Further evidence of the failure of the old cane to increase in 
diameter at the base was obtained by examining the tissues exposed in 
cross-section when canes of this age were cut off at the ground. Old 
canes of Cuthbert and Latham from several sources were examined 
in this manner, by means of a hand lens of suitable magnifying power. 
In doubtful cases a free-hand section was cut from the base of the 
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TABLE II 
DiaMeTerS or ‘OLp Canes at Successive. Heicuts 
Vigorous Medium Weak 
Height ——— = - — = — 
above Average Average Average 
ground No. diame:er No. diameter No. diameter 
in cm. canes in cm. canes in cm. canes in cm, 
I z 25 1.08 30 0.85 
6 25 1.09 30 .86 
It 25 1.10 30 .87 
16 25 1.09 30 .87 
as 25 1.09 30 .87 
26 25 1.08 30 8s 
Ry 25 1.07 30 84 
36 25 1.04 30 83 
41 25 1.01 30 81 
46 25 99 30 .80 
SI 25 96 30 78 
56 25 95 30 76 
61 25 92 2 74 
66 25 91 28 “74 
hes 25 87 28 71 
Ui 25 84 26 68 
81 25 .80 21 .67 
86 23 iis 17 -66 
or 21 -74 12 -607 
96 17 .72 10 -66 
101 10 69 6 65 
106 6 74 6 OI 
1 4 Whe — — 
116 3 -65 


Fig. 2. Diameters’ at Successive Heights in Young and Old Canes 


A. Vigorous young canes; diameter at base greater than 1.25 cm. 
B. Young canes of medium vigor; diameter at base from r.o to 1.25 cm. 
C. Weak young canes; diameter at base less than 1.0 cm. 


D, Old canes of medium vigor; similar to B. 
ST RTD. BCs ry: pope RAC I Poy 
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cane and examined under a binocular microscope. For convenience in 
tabulating the data, all canes less than 1 cm. in diameter at the base 
were classed as weak and all of greater diameter classed as vigorous. 
These data are shown in Table III. 


TABLE III 
OccurRENCE or NEW XYLEM AT THE Base or OLtp CANES 
Vigorous canes Weak canes 
(More than 1 em. in (Less than 1 em. in 
Variety and diameter at base) diameter at base) 
source os 
Pres- Per Per Pres- Per Per 
ent cent Absent cent ent cent Absent cent 
Cuthbert, Mich. .... 18 56 15 77 
Cuthbert, Mich. .... to) 93 I 63 
Cuthbert, Wash. .... I 21 ° 30 
PROUAL Porsracaire: Ig 10.0 170 90.0 16 8.6 170 91.4 
Wathant Mich. svi. Il Il 7 92 
Latham, Minn, .... 4 30 to) 82 
Latham, Minn. .... 8 33 2 II 
AOGAL | «y.<rainereia’s 23) 23.71 74 76.3 9 64.6 185 95.4 
Matai Ne. Aeneterators 42° -TAr7 244 85.3 25 6.6 355 93-4 
Total, all canes both 
varieties ...... 67 10.1 599 89.9 


Table III indicates that in slightly more than 10 per cent of the 
old canes examined new xylem was found at the base ranging in amount 
from a few scattered vessels and fibers up to well developed complete 
rings. New xylem was found more frequently in vigorous canes (14.7 
per cent) than in weak canes (6.6 per cent). Very little difference 
was found between vigorous and weak canes in the Cuthbert variety, 
but vigorous canes of the Latham showed new xylem occurring much 
more frequently (23.7 per cent) than weak canes (4.6 per cent). The 
difference between the two varieties is thought to be due to the greater 
tendency of Latham canes to develop vigorous laterals near the base. 
In some unpublished studies of the effect of various pruning heights 
upon cane behavior in the Latham, the writer has found that basal 
laterals originating within 1 to 5 cm. from the ground quite frequently 
grow to a length of 100 cm. or more. Occasionally these laterals are 
barren and develop into new canes ranging from 150 to 200 cm. in 
height., In cases of this kind a well-developed complete ring of new 
xylem has been found at the base. This type of growth has been ob- 
served in the Cuthbert, but does not appear to be as common. 

As only one out of 10 old canes apparently has new xylem at the 
base, and as little or no new phloem is formed close to the ground in 
the average cane (as will be shown later), it is obvious that the ma- 
jority of old canes depend almost entirely upon old tissues for the con- 
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duction of water and foods through the basal region. It is considered 
possible that this condition at the base may in part explain the fact 
that old canes generally are less vigorous than young canes. 


INTERNAL ANATOMY 
Materials and Methods 


In these studies, sections were cut from both young and old canes 
in the fresh condition, without killing or embedding the material. 
The sections were cut about 20 to 30m in thickness, with a slide micro- 
tome. The canes were found to be firm enough to handle in this man- 
ner if, when the microtome clamp was adjusted, care was exercised 
not to crush the shell of wood surrounding the extensive area of pith. 
The staining of this material was found to be most satisfactory when 
a one per cent aqueous solution of safranin was used in combination 
with Delafield’s hematoxylin. These stains usually produced the most 
satisfactory results when somewhat diluted. Better results also were 
obtained when the hematoxylin was used before the safranin. The 
usual procedure was followed with regard to dehydrating in alcohol 
and clearing in xylol. Neutral Canada balsam was used for mounting 
the material. At times it was found difficult to hold the safranin stain 
in the xylem. Apparently the xylem region was sufficiently acid in 
reaction to cause the bleaching of the stain soon after mounting. This 
difficulty was avoided to a considerable extent by using in one stage 
of the dehydration process 95 per cent alcohol to which a few drops of 
a dilute solution of sodium hydroxide were added. 

Most of the cane material for these studies was obtained from the 
Latham and Cuthbert varieties from various sources in Michigan and 
Minnesota. Some use was made of canes of the Ranere (St. Regis) 
variety obtained from Ohio, Illinois, and Washington, D.C. For pur- 
poses of comparison, some canes of the Cuthbert raspberry and the 
Evergreen and Logan blackberries were obtained from western 
Washington. ; 

In a majority of cases, when canes were examined, sections, were 
made from four general regions of the cane. The first sections were 
-cut as close as possible to the base; others were then cut from a point 
5 to 10 em. higher up on the cane, from the central region of the 
cane, and from the tip region. Transverse, radial, and tangential sec- 
tions were made at each point. It was found during the progress 
of the work that the evidence relating to radial growth was shown most 
clearly in the transverse sections, so this form was emphasized in the 
later work. Transverse sections were made from some old canes at 5 
or 10 cm. intervals from the base to the tips, to ascertain the location 
and extent of development of new xylem. 
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In the process of sectioning, the pith was found to crush or tear 
away if the sections were cut sufficiently thin to be of value. Also the 
loose outer layers of the periderm usually were torn off. However, 
the loss of these portions of the sections was not serious as the studies 
deal mainly with the cambium and adjacent tissues. 


Resting Cambium 
From studies of the dormant young cane and of old canes at the 
beginning of the growing season, it appears that the cambium is in the 
resting condition noted by Roberts (24) in some apple seedlings. 
Figures 3 and 4 illustrate this condition in the dormant young canes of 
Ranere and Cuthbert. 


Fig. 3. Cross-section from the Base of a Ranere Cane in March Showing 
Resting Cambium. X435 


Response of Cambium to the Stimulus from Developing Buds 

The cambium in the old cane seems to respond very slowly and 
feebly to the stimulus from developing shoots. Examinations of old 
canes from plants grown in the greenhouse indicate that the cambium 
in the cane generally did not become active until the laterals were well 
developed. In vigorous canes, particularly from plants fertilized with 
a moderate application of sodium nitrate just before the buds opened, 
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some cambial activity was found when the laterals, with several par- 
tially unfolded leaves, were not over 5 cm. in length. This activity, 
as evidenced by the formation of new xylem, was feeble and occurred 
only immediately below the most vigorous laterals. Figure 5 shows 
this condition in the central region of a Cuthbert cane. In other canes, 
particularly those making a weak growth in the second season, cambial 
activity was not apparent even when the laterals were 20 cm. in length, 
with several well-developed leaves and with the blossom buds appear- 
ing. Figure 6 illustrates this condition in the tip region of a Cuthbert 
cane. 


aS 


Fig. 4. Cross-section from the Base of a Cuthbert Cane in March Show'ng 
Resting Cambium. 435 


The development of cambial activity in response to the stimulus 
-from growing. laterals appears to proceed down the cane very slowly 
and is markedly feeble at a point only a few centimeters below a lateral. 
Even in vigorous canes the activity of the cambium a short distance 
below a lateral appeared to be restricted in many cases to an increase 
in the radial diameters of the cambial cells. The cambium at these 
points, also, seems to have failed to maintain its width, indicating that 
some of the outer cells had differentiated into phloem elements, but that 
no new cambial cells were formed. This condition is shown in Figure 7. 


Fig. s. Feeble Activity of the Cambium Just Below a Vigorous Young Lateral from the 
Central Region of a Cuthbert Cane 
New xylem (X) very limited in amount. Darker staining of the inner phloem (P) 
indicates that these cells are of recent development. . 96. 


Fig. 6. Cambium Just Below a Well-developed Lateral with Blossom Buds Appearing 
From the tip region of a weak Cuthbert cane. No activity apparent. 435. 
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Fig. 7.. Cambium from the Central Region of a Cuthbert Cane, 5 cm. Below a Vigorous 
Lateral with First Blossoms Open 


Feeble activity evidenced by reduction in width of cambium and an increase in radial 
diameter of the cells. 435. 


Altho in the majority of old canes the cambium in the basal region 
appears to remain in the resting condition when no laterals develop in 
that region, a feeble development similar to that noted above was found 
11 some canes which did not develop vigorous laterals near the ground. 


Fig. 8. Cambium at the Base of a Cuthbert Cane Showing Feeble Activity Similar 
to That Shown in Figure 7. 435 
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Fig. 9. Irregular Margin of the Xylem at the Base of a Cuthbert Cane 


Sectioned just before bloom. Suggests the possibility that senile decline of the 
cambium begins sometime in the first season. X96. 


Figure 8 illustrates this condition, at the base of a vigorous cane of the 
Cuthbert variety. In the Evergreen blackberry no cambial activity was 
noted in the basal region of the few canes examined, and no new xylem 
was formed in the second year. This condition is shown in Figure Io. 

The slow response and feeble development may be considered indi- 
cations of senile decline in the raspberry cambium. That this decline 
may begin toward the close of the previous growing season, is sug- 
gested by the irregular margin of the xylem in the dormant young 
cane (see Figures 9 and 20), altho some disturbance in relation to 
the kind or quantity of available food substances possibly may have 
produced this effect. This irregular development of the xylem areas 
between the aggregate rays was more noticeable in the Evergreen black- 
berry in the few canes examined, as shown in Figure 10. Altho the 
difference in radial growth of the xylem in these areas usually did 
not amount to more than 8 or 10 cells, it is considered possible that this 
difference is the result of earlier cessation of cambial activity in some 
areas. This somewhat erratic behavior of the cambium suggests the 
possibility that it was approaching the condition of senility, which is 
more evident in the old cane in the second season. Further evidence 
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Fig. 10. Base of an Evergreen Blackberry Cane at the End of the Second Year 


Shows resting cambium (C), wider area of active phloem (P) than in the red rasp- 
berry, and a markedly irregular margin of the xylem (X). No new xylem was formed. X96. 


of this decline wili be presented in the discussion of the behavior of 
stem cuttings. 


Development of New Xylem in the Old Cane 


The most obvious result of cambial activity in the old cane in the 
second season is the formation of new xylem. That the old canes 
generally do increase in diameter in the central and tip regions but 
usually not at the base has been discussed. Studies of the anatomy 
of the old cane show the presence of new xylem in varying amounts 
in the regions which normally increase in diameter. The formation of 
new xylem elements was found to occur first just beneath a rapidly 
growing lateral and proceeded downward slowly from that point. 

The amount of new xylem formed during the second season was 
much more extensive immediately below the laterals and on the same 
side of the cane. The areas of new xylem as seen in cross-section 
were greatly reduced or entirely absent on other sides of the cane 
(Fig. 12).' This localized development often produced two, well- 
marked, but short ridges extending downward from the sides of the 
base of the lateral. Generally these “ridges” of xylem, which cor- 
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Fig. 11. Longitudinal Section Made in December Through the Base of a Lateral 
on a Vigorous Old Cane of the Latham Variety 


“Wedge” of new xylem tapers to a point within 2 cm. below the point of bud 
insertion. Phloem in collapsed state. Pith and opposite side of old cane torn away in 
sectioning. 6. 


respond to the “wedges” described by Jost (13), continue for only a 
very short distance below the laterals. Figure 11 shows a longitudinal 
section through one side of a cane at the point of attachment of a 
vigorous lateral. This illustrates the rapid tapering of the wedges 
of new xylem. The distance from the point of bud insertion to the 
end of this wedge was not over 2 cm. The cross-sections shown in 
Figures 12, 13, 14, 15, and 16 were made at the base of a similar 
lateral, beginning at the point of bud insertion and progressing down- 
ward at 0.5 cm. intervals. These sections show the rapid narrowing 
of the wedges. The last of this series (Fig. 16), cut at a distance 
of only 2 cm. below the point of bud insertion, shows very narrow 
areas of new xylem in an incomplete ring. 

The very limited development of new xylem at the base of the 
laterals provides a very weak attachment to the old cane and doubtless 
explains why the laterals are so easily broken off in cultivation and in 
picking, or in severe storms. 

In canes which did not develop laterals close together, the stimulus 
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Fig. 12. Cross-section Through the Base of a Vigorous Lateral from the 
Same Cane as Figure 11 


Section made at about the point of bud insertion. Note prominent “‘ridges’’ and the 
rapid narrowing of the area of new xylem. New ring incomplete. The line A-B indicates 
the approximate location of the section shown in Figure 11. 6. 


from the growing laterals apparently did not progress to any great 
distance down the cane. At the time of fruit-ripening, sections made 
5 cm. below vigorous laterals often showed only a few scattered ves- 
sels and fibers, and in many cases there was no evidence to show that 
new xylem had been formed. Figure 17 shows a cross-section cut just 
beneath a lateral from a Cuthbert cane when the fruit was ripening. 
In this case new xylem was formed in some quantity at this point, but 
no evidence of new xylem formation could be found at a point only 
5 cm. below. 

When numerous laterals were developed fairly close together in the 
central and tip regions of a cane, the formation of new xylem was 
general around the cane. Altho a complete ring of new xylem may be 
formed under these conditions, as shown in Figure 18, this ring gen- 
erally was very narrow and often was incomplete as shown in Figures 
12 to 16. This very limited development of new xylem explains why 
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Fig. 16. Section Cut 2 cm. Below Figure 12, This and the Three Preceding Figures Show 
the Rapid Narrowing of the Wedges of New Xylem Below a Lateral. X6 


Fig. 17. Cress-section Made Just Below a Lateral of Medium Vigor in the 
Tip Region of a Cuthbert Cane 
No other laterals within 15 cm. Fruit nearly all harvested. New xylem (X) in greatest 
area just below the point of bud insertion (B). “Ring’’ narrowing rapidly and absent 
over a large part of the opposite side of the stem. No trace of cambial activity 5 cm. 
below the lateral. 096. 
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Fig. 18. Complete Ring of New Xylem (XX) in Central Region of Latham Cane with 
Many Vigorous Laterals. 6 
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Fig. 19. Complete Ring of New Xylem (X) at the Base of a Latham Cane 


Sectioned in November after the fruiting season. Several vigorous laterals were 
present in the basal region of this cane. X6. 


there is such a slight increase in diameters throughout the length of 
the old cane. This slight increase occurred, however, even at the very 
tip of the cane, providing fairly well-developed laterals were present. 

It is apparent from the foregoing evidence that the general, altho 
feeble, development of new xylem, which causes the increase in diam- 
eter in the upper regions of the cane, is caused by the cumulative effect 
of the stimulus from many laterals upon cambial activity. 

The average cane does not produce many laterals in the basal region. 
Usually there are no laterals within 10 to 15 cm. from the ground. 
In the absence of basal laterals, the stimulus from laterals higher up 
on the cane apparently does not proceed downward far enough to 
affect the cambium at the base. Because this stimulus is lacking, the 
cambium at the base remains in.a resting condition, or nearly so, and 
no new xylem is formed (Fig. 8). Without the formation of new 
xylem no measurable increase in diameter occurs at this point. How- 
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ever, when vigorous fruiting laterals developed in the basal region, as 
noted previously with regard to the performance of the Latham variety, 
new xylem was found in this region, but the area commonly was not 
extensive and the “ring’’ often incomplete. When these basal laterals 
were extremely vigorous, or when they were sterile and developed into 
new canes, the new xylem often formed a complete ring, which in some 
cases was of considerable width, as shown in Figure 19. This occur- 
rance of new xylem explains the increase of diameter at the base in 
about 10 per cent of old canes. 

Xylem formation has been shown to be more abundant just below 
a vigorous lateral than below a lateral of medium vigor. Some data 
obtained at the Minnesota Experiment Station, relating to the effects 
of pruning on cane behavior, show that canes pruned to a height of 
36 inches produced longer and stouter laterals than canes pruned to a 
height of 60 inches. ‘The shorter canes when examined showed a 
slightly larger amount of new xylem than the longer canes, but these 
shorter canes suffered more severely from storm damage to the laterals. 
In a series of plots, grown in staked hills and equally exposed to storm 
damage, the 36-inch canes showed an average of 12.9 per cent of the 
laterals broken off, whereas in the 60-inch canes the loss from break- 
age was only 9.2 per cent. It is apparent from these data that the 
increase in the vigor of the laterals on the shorter canes did not result 
in an increase in the strength of attachment to the cane sufficient to 
support the longer growth against the additional wind leverage. 


Development of New Phloem in the Old Cane 


The evidence obtained relative to phloem formation in the old cane 
is neither so clear nor so extensive as that relating to new xylem. 
Where new xylem was found in the old cane it was often accompanied 
by an area of phloem adjacent to the cambium, which stained notice- 
ably darker, as shown in Figures 5, 17, and 20. This darker stain 
indicates that these cells are of more recent development with denser 
protoplasm than cells farther out in the phloem area. A more detailed 
study of these cells showed them to be, filled with dense (heavily 
stained) protoplasm, whereas cells farther out were often empty. 
Some of the darker-stained cells may have been differentiated late in 
the previous growing season and remained in an active condition. 
This apparently is the condition also found in the Evergreen black- 
berry (Fig. 10). Others possibly were formed from the cambial initials 
late in the previous season, but were not completely differentiated 
until the start of the second year. Eames and MacDaniels (6) (p. 
155) state in regard to the differentiation of phloem: “There is evi- 
dence to show that the cambial derivative cells first to mature in the 
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Fig. 20. Cross-section of Tip Region of Cuthbert Cane 


Laterals 8-10 cm. long and blossom buds about ready to open. Cambium apparently 
inactive. Narrow area of phloem (P) adjacent to the cambium stained darker than re- 
mainder. Margin of xylem somewhat irregular. X96. 


spring are phloem mother cells. Of these, at least a part were cells 
which were cut off from the cambial initials during the previous season 
and have remained over winter in an immature condition.” It has 
been shown already that the cambial area in some cases is reduced in 
width, altho the cambium showed no marked indications of activity 
(Figs. 7 and 8). This is considered evidence that some phloem cells 
are matured in the second year without division of the cambial initials 
at that time. Still others of the darker-stained phloem cells probably 
were the result of cambial activity in the second season. 

Knudson (16) noted that in the grape and apple new xylem and 
phloem were formed simultaneously. This may also be the type of 
behavior in the red raspberry, as the darker-stained areas shown in 
Figures 5 and 20 appear to be wider than would be accounted for by 
the differentiation in the spring of a few immature cells cut off from 
the cambial initials at the close of the previous season. Altho the 
probability exists that the outer portions of this area may have been 
made up of cells which were differentiated late in the previous season 
and remained in an active condition, it is also probable that some of 
the innermost cells may have been formed by the division of cambial 
initials at the same time that new xylem cells were formed. 
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This phloem area regardless of time of formation was relatively 
narrow, being comparable in that respect to the narrow area of new 
xylem ordinarily found in old canes. As it appears probable that only 
a part of this narrow area was formed from the cambial initials in 
the second season, this may be considered further proof of the feeble 
activity of the cambium in the old canes. 


Decline of the Phloem 


Numerous examinations of old canes showed that the phloem began 
to break down at about the height of the harvest season. In Cuth- 
bert plants, grown in the greenhouse, browning of the phloem at the 
base of the old canes was found to begin when about half of the fruits 
had ripened. In field-grown plants of King and Latham no discolora- 
tion was noted until most of the crop had matured. This discoloration 
occurred a little earlier in the season in the King than in the Latham, 
but the fruiting season of the King is also earlier than the Latham. 
Toward the end of August when the foliage of the old canes was be- 
ginning to turn yellow and terminal growth of the young canes had 
almost ceased, the browning of the phloem at the base of the canes 
was more noticeable. In early September the browning was more pro- 
nounced, but at that time there was no indication of collapse of the 
cells. The browning was intensified by the end of September, and, 
in canes examined in November after the leaves had fallen, the phloem 
was almost completely broken down and the cells were often collapsed. 
This condition is shown in Figures 11 and 2r. 

The breakdown of the phloem appeared to occur first at the base 
of the canes, a region in which little or no cambial activity in the 
second season was found. In the central region of the canes the phloem 
did not discolor until some time later than at the base. In many of 
the canes examined the phloem in this region was apparently normal 
in late August. Degeneration of the phloem in the tip region of the 
canes appeared to occur at about the same time as at the base. In 
some cases the tip region was the first to show this discoloration. 
This condition at the tips is thought to be caused by some disturbance 
in the water supply of the region, as that part of the cane often shows 
signs of drouth injury, while the lower portions are not affected as 
much. The cambium in the tip region has been shown to be fairly 
active, so it appears that the degeneration of the phloem in this region 
is not due to the same cause as degeneration at the base, where the 
cambium is inactive as a rule. Altho sectioning the material in the 
fresh condition made it difficult to determine the extent of tylose 
formation, nevertheless numerous indications of these growths were 
found at the base of the old canes. Whether these occur in sufficient 
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Fig. 21. Cross-section from the Base of a Ranere Cane Cut in January After the Fruiting 
Season. Complete Breakdown of the Phloem in the Dead Cane. 435 


numbers to interfere with water conduction has not been determined. 
Marshall (19) in some unpublished studies has shown that more water 
under moderate pressure may be forced through portions of old canes 
than through similar portions of new canes, but he has not shown that 
this greater rate of flow occurs in the normal water conduction of the 
old cane. Observations of the behavior of the tip region of old canes in 
the field indicate a deficiency in the water supply as shown by weak 
growth, small size of fruit, and early withering. Whatever the facts 
may be in relation to the water supply of the tip region, it is evident 
that the phloem of this portion of the cane declines at about the same 
time as that at the base. 

Whether the degeneration of the phloem causes the decline of the 
old cane or vice versa has not been determined, but it is evident that 
phloem decline is at least associated with the death of the old cane. 
As phloem is known to be a relatively short-lived tissue and as the 
cambium in the old cane has been shown to be feeble, producing very 
little new phloem in the second year, it is possible that phloem decline 
in the raspberry cane is another expression of senility in the cambium. 

Further evidence of decline in the phloem has been obtained through 
chemical analyses made in another phase of these studies of the rasp- 
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berry cane. Some unpublished results of analyses made after harvest 
and in late November show the presence of reducing sugars in some 
quantity as the old cane declines and dies. These sugars were found to 
be more abundant in the central and upper regions of the cane than 
at the base and in somewhat greater concentrations in the laterals than 
in the cane. The presence of reducing sugar, a form of food easily 
transported in the normal living plant, suggests that the phloem which 
normally transports such food substances has declined in its activities. 
From such evidence it appears probable that there is little transport of 
elaborated foods to the root from the old cane after the harvest season, 
and that removal of the old cane at this time results in little or no 
loss of food supply to the roots. 


BEHAVIOR OF STEM CUTTINGS 


There have been very few reports of successful propagation of the 
red raspberry by means of stem cuttings and the successes reported 
have been with a hybrid form. Darrow (5) reported for the Van Fleet 
variety, a hybrid of R. inominatus x R. strigosus, the successful use 
of 2- and 3-eye cuttings buried an inch deep in flats provided with 
bottom heat in a greenhouse. Zimmerman (30) found that this variety 
could be propagated also by means of cuttings made from the new 
laterals early in the spring, but later? stated that old shoots did not 
respond similarly. In the present studies little or no success has 
attended efforts to propagate the Cuthbert and Latham varieties by 
means of cuttings. 

Hardwood cuttings, made in January, 1929, from the basal, central, 
and apical regions of both vigorous and weak canes of the Cuthbert 
variety, were packed in moistened acid peat and kept in storage at 
36° to 45° F. Under similar conditions cuttings of some plants such 
as grape and currant usually callous more or less freely, but after 17 
weeks none of these raspberry cuttings showed even a trace of callous 
formation and no roots were developed. 

Similar cuttings of the Latham variety were made in January, 
1930, and placed in a cutting bed provided with bottom heat in a 
cool greenhouse. Comparable lots were placed in basic sand, in acid 
peat, and in a mixture of acid sand and acid peat. A few cuttings 
of the Beta grape and of a red currant variety were placed with each 
lot for comparison. When examined after 33 days most of the grape 
and currant cuttings were found to be well established or well calloused. 
None of the raspberry cuttings had rooted and only 14 per cent showed 
evidence of callousing. This callous formation generally was very 


2 Personal correspondence, 1930. 
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Fig. 22. Base of a Hardwood Cutting Made in January, 1930, from a Young Cane of 
Latham. After 33 days with Bottom Heat, Callous Formation Was Very Limited. x5 


feeble and at times was limited to a development on one side of the 
base of the cutting, as shown in Figure 22. More of those set in acid 
peat showed this feeble callousing than was the case in the other media, 
but all were failing rapidly. These data are given in Table [V. Altho 
the number of cuttings of each kind was not large the results as given 
in Table IV show that no regeneration of roots occurred in the red 
raspberry under conditions which brought about ready rooting in the 
grape and currant. 

When sections were made of the cuttings which showed a feeble 
development of callous tissue, no indication of activity was found in 
the cambium at the proximal ends. Apparently the cambium in hard- 
wood cuttings of the red raspberry does not respond as in the species 
studied by Sledge (26). 

Some studies were also made relative to the callousing and rooting 
of green-wood cuttings of the Cuthbert and Latham varieties. Acid 
peat was used as the cutting bed medium and 200 cuttings of each 
variety were made in late April from the tips of young “suckers,” 
which had grown 2 to 3 inches above the ground. Altho the losses 
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TABLE IV 


CALLOUSING AND RootinG or Harpwoop Curtincs or RED RASPBERRY, GRAPE, 
AND Rep CURRANT™ 


Cutting 
bed Latham Beta Red 
medium raspberry grape eurrant 
No. No. No. 
Basic sand Leaves well developed, Buds pushing, well cal- Leaves well developed, 
slight callous growth, loused, rooting free- well calloused, root- 
LG WLT OOLS mie cn cidisiai cl ous Til ik LV? siete oe chscentels Recieee 7\, ing freely, wear 9 
Leaves withering, no Buds pushing, well Buds dormant, well 
callus, no roots ... 32| calloused, no roots 1] calloused, rooting 
Buds dormant, no cal- No bud activity, no freely’ Mecca eanie I 
tus, ‘no roots... 5... 3) calls, no. reots.).. 2 
Acid sand and |Weak bud activity, |Buds pushing, well Leaves well developed, 
acid peat slight callous growth, calloused, rooting well calloused, root- 
BO FOC we eas Ti» freely.) pene ae eee To} » ing: \freelyaeem erent 6 
Leaves withering, no Buds swelling, well 
callus, no roots .. 34 calloused, short root 1 
Buds dormant, no cal- Buds dormant, well 
lus; no “FOOtS’ it, oer. 2 | calloused, no roots 3 
Acid peat Leaves withering, Buds _ pushing, well Leaves well developed, 
slight callous growth, calloused, rooting well calloused, root- 
BON TOOES: vs, cos ark toa a Hl CEOS y Sieve mle wie ole nite 9| ing freely ca. naeee 7 
Leaves withering, no Buds pushing, well 
callus, no roots .. 17 calloused, no roots 3 
Buds dormant, no cal- 
TUS; nO) TOOLS saree 7 
Per Per Per 
cent cent cent 
Total rooting .. te) to) 26 90 24 80 
Total callousing 16 14 I 33 6 20 
Total failures .. 95 86 2 7 to) ° 


from damping off were heavy, in 12 days some feeble development of 
callous tissue was found in slightly less than half of the cuttings. In 
33 days all of the Cuthbert and nearly all of the Latham cuttings had 
damped-off, but 9 fairly well rooted survivors remained among the 
Latham cuttings. This behavior suggests the possibility that a larger 
number of Latham cuttings would have rooted under more favorable 
conditions. 

Another lot of cuttings was made from the tips of young canes of 
the Latham variety in late July, the canes at that time averaging 5 feet 
to 6 feet in height. These cuttings were set in acid peat in flats and 
kept outdoors in the shade. For 15 days they remained in good con- 
dition, but soon began to dry up or damp-off. Only 2 out of 200 cut- 
tings showed any indications of callous formation and in these the 
callousing was very limited in extent. : 

Altho these studies of the callousing and rooting of raspberry stem 
cuttings were not extensive, they serve to indicate a very feeble response 
in the direction of regeneration of roots in the red raspberry. This 
response was more evident in the cuttings taken from very young 
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suckers. By the end of July the response had declined markedly. In 
hardwood cuttings made from dormant young canes callousing was very 
feeble and no roots were formed. Priestly and Swingle (22) state 
that new root initials, when formed, are always found in tissues in 
close association with an active cambium. In view of this statement 
the fact that a few roots were formed on cuttings made from young 
suckers, but none on cuttings made later, seems to indicate that cambial 
activity declines in the cane during the first season and is feeble in the 
old cane. Evidence of this nature closely parallels that of the internal 
‘anatomy of the cane with regard to the behavior of the cambium. 
CONCLUSIONS 

The evidence obtained from these studies leads to the conclusion 
that the cambium in the red raspberry cane begins to decline in meriste- 
matic activity in the first season and is relatively feeble in the old cane. 
The apical meristem ceases to function at the end of the first season, 
no new winter buds are formed in the second year, and the cambium 
in the old cane forms relatively small amounts of new xylem and 
phloem elements. The evidence relating to the feebleness and decline 
of tissues within the old cane is in harmony with the decline of the cane 
as a whole, which has long been recognized by workers in the fields of 
botany and horticulture. 


SUMMARY 


Measurements of new and old canes show that there is an increase 
in diameter in the central and tip regions in the second: year, but in 90 
per cent of the old canes there is no measurable. increase in diameter 
at the base. ; 

The cambium during the first winter appears to be in a resting 
condition. 

Cambial activity, as in other woody stems, is associated with the 
growth of new shoots. 

Cambial activity, as shown by the formation of new xylem, prob- 
ably occurs in nearly all growing canes in the second season. This 
activity in general is comparatively feeble and appears to be related 
to the vigor of the laterals and not to the vigor of the cane in the first 
year. | 

The formation of new xylem in the old cane does not appear to 
begin until the shoots have developed several leaves. In weak canes 
this activity is delayed and at times no new xylem is formed. 

Cambial activity progresses downward slowly from the point of 
bud insertion and may be limited to the same side of the cane on which 
the shoot is growing. 
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Where the laterals are widely spaced on the cane the stimulus 
from the growing shoot does not appear to progress very far down 
the cane. In such cases the formation of new xylem may not occur 
5 cm. below the shoot. 

The limited development of new xylem at the base of the lateral 
usually results in a very weak attachment to the old cane and the 
lateral is easily broken off. 

Where the laterals are numerous and fairly close together the cumu- 
lative stimulus from their growth results in general activity of the 
cambium and a complete tho narrow ring of new xylem is formed. 

Apparently the stimulus from developing laterals does not extend 
downward far enough to cause the development of new xylem at the 
base of the average old cane, and there is usually no increase of 
diameter in that region of the cane. 

Where vigorous laterals develop fairly close to the base of the old 
cane new xylem is formed. In some cases of this kind a complete ring 
of new xylem is formed. This explains the observation that in about 
10 per cent of the old canes new xylem in varying amounts has been 
found at the base. 

Cambial activity in neighboring areas between the large aggregate 
rays may not proceed at a uniform rate and some of these areas appear 
to cease growth earlier than others. This behavior suggests an early 
senile decline in the cambium. 

Cambial activity in the second year is limited in some instances to 
the maturing of phloem initials cut off from the cambium late in the 
first year and to an increase in radial diameter of the remaining cambial 
cells. This condition is commonly found in the basal region of the 
old cane. 

In the old cane, at about the height of the harvest season, discolora- 
tion of the phloem at the base of the cane indicates a breakdown of 
this tissue. Degeneration usually is more advanced in the basal region 
of the cane than in the central region. This degeneration is thought 
to be associated with the senile condition of the cambium. 

Degeneration of the phloem in the apical region of the old cane, 
which is found to occur at about the same time as in the basal region, 
is believed to be caused by some disturbance in the water conduction 
in the old cane. 

Studies of stem cuttings with regard to callous formation and 
regeneration of roots indicate that a decline in meristematic activity 
begins early in the first year. 
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ASPEN 
AVAILABILITY, PROPERTIES, AND 
UTILIZATION 


R. P. A. Jounson, JosEpH Kittrivce, Jr., AND Henry SCHMITZ 


SUMMARY 


Aspen in Minnesota, Wisconsin, and Michigan occupies 21,000,000 
acres, which is more area than occupied by any other forest type in the 
Lake States. Of this total acreage, 17,000,000 acres may be expected 
to produce merchantable yields. About 8,000,000 acres have stands 
averaging larger than 3 inches in diameter, and not more than 1,200,000 
acres have stands averaging over 6 inches in diameter. The volume in 
stands over 3 inches in diameter is estimated at 29,000,000 cords of 
which about 12,000,000 cords are in stands over 6 inches in diameter. 
The volume will increase for 20 to 40 years owing to the large area 
of thrifty young growth that will become merchantable. 

Aspen is a rapid-growing, short-lived tree and should usually be 
cut at an age of about 50 years. At that age small areas of well- 
stocked stands on average sites may be expected to yield 39 cords per 
acre, net scale. Over large areas the stands can be expected to 
yield between 5 and 20 cords to the acre, owing to openings and 
understocking. 

The aspen tree is highly susceptible to decay. At 50 years of age 
about 10 per cent of the merchantable volume has advanced decay ; 
in older stands the percentage is higher and in younger stands lower. 
In stands more than 50 years old, decay increases rapidly. 

The stumpage value of aspen at present is low but it has been 
on an upward trend. Present prices range from 25 cents to $1 a cord, 
and from $1 to $2 per thousand board feet. 

At present young stands’ of aspen are considered to be of little 
value. Large areas of 10-year-old aspen if held for 40 years, will 
earn about 4 per cent compound interest on the costs if the stumpage 
is then worth $1 a cord. This estimate of earning, which would be 
made by a company that plans to hold young growth for a future cut, 
is based on the most probable combination of ages, costs, site qualities, 
and stumpage values involved in growing a crop of aspen. 

The clear wood of aspen has a number of excellent properties, the 
most desirable of which are softness, uniform texture, white color, light 
weight, ease of gluing, and low shrinkage. Aspen is as soft as bass- 
wood and softer than yellow poplar—two hardwoods noted for their 
softness. The exceedingly fine, uniform texture of aspen, combined 
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with softness, make it easy to work. Aspen wood weighs less than 
basswood and more than cottonwood, and of our native woods is one 
of the easiest to glue. Aspen shrinks less than basswood, but more 
than northern white pine. There are few hardwoods that do not swell 
and shrink more with changes in moisture content than does aspen. 
The combination of low shrinkage and straightness of grain permits 
aspen to stay well in place. 

Compared with woods commonly used for structural purposes, 
aspen ranks low in most strength properties. It has the same bending 
strength as northern white pine but less than eastern hemlock. In 
stiffness and compressive strength (endwise), it is inferior to bass- 
wood but superior to northern white cedar. Aspen should not be used 
where bending or compressive strength is important. 

Aspen is tough for a soft, lightweight wood; more so than bass- 
wood or yellow poplar, and as tough as eastern hemlock. The tough- 
ness of aspen is a desirable property in some of the uses to which 
lightweight, soft wood is put, but it does not adapt aspen to uses 
where toughness is the most important requirement. 

Aspen wood has about the same nail-holding power as that of bass- 
wood and cottonwood. The softness and uniform texture of aspen, 
however, result in but little loss of nail-holding power from nails split- 
ting the wood. Aspen is easily split with an ax owing to its straight 
grain and low strength across the grain. It splits with about the 
same ease as eastern spruce. 

Aspen can be pulped by any of the standard processes. The yield 
of pulp per cord compares favorably with that of the commonty 
used softwoods. It is of an excellent color and is easily bleached, 
but is not as strong as pulp obtained from the softwoods commonly 
used. 

The use of aspen for pulp is increasing. At present it is used 
principally for the production of soda pulp. Some is ground for 
newsprint. It can be used for the production of sulphite pulp, either 
alone or mixed with softwood. 

Data on the use of aspen are meager and fragmentary. It is used 
almost everywhere it is found, but is cut in large quantities only in 
the Lake States. Information regarding the amount cut and its uses 
is difficult to obtain owing to the practice of statistical agencies of 
combining statistics on aspen with those on cottonwood. 

A large amount of aspen is cut into lumber, which is used in the 
manufacture of many articles such as boxes, crating, and planing 
mill products. It is just beginning to be used for interior and exterior 
trim, flooring, planking, and for other building purposes. Except in 
a few industries, the species is almost unknown. Match, wooden- 
ware, and novelty manufacturers in the United States are experi- 
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menting with aspen, but in European countries it has been used for 
matches for many years. ~ Aspen has been used successfully in the 
manufacture of clothes pins. Furniture and veneer panel manu- 
facturers in the United States have not yet recognized the possibili- 
ties of aspen for core stock, but the adaptability of the wood to such 
use has long been recognized in Europe. 

In considering the possibility of expanding the market for aspen 
lumber, past experience with other so-called little-used woods offers 
encouragement. At least three woods, now accepted and extensively 
used in the United States, were until a few years ago, in about the 
same state of development that aspen is. 

Aspen is better known to users of wood in the form of logs, bolts, 
and like products than in the form of lumber. Manufacturers of 
excelsior accept it as one of the woods best adapted for high-grade 
excelsior. When treated with preservatives, it makes an acceptable 
crosstie in tracks not subject to heavy traffic. For years farmers of 
the Lake States have used it for fuel and for posts. Small amounts 
are used for mine timbers, principally in round form and some, for 
cooperage. 

AVAILABILITY’ 


Economic and Silvicultural Importance 


The abundance and importance of aspen, often called “popple,” 
in the northern parts of the Lake States usually are not recognized 
because a large part of the supply is in young stands that have followed 
recent fires and consequently looks like brush rather than tree growth. 
(Fig. 1). Aspen occupies more area of forest land in the Lake States 
than any other tree species. It is estimated that aspen covers one 
third of the forest area in northern Michigan and two-thirds in Wis- 
consin and Minnesota. The merchantable volume in the existing 
stands is relatively small compared with the amount that will become 
available in the next 30 to 50 years. At that time, aspen will be a 
much more important source of raw material for wood-using indus- 
tries than it is at present. A company that can adapt its manufacturing 
processes for the utilization of aspen within the next few years has 
every prospect of being able to obtain an abundant supply of raw 
material for many years. 

Altho aspen has been, and still is, considered an undesirable species, 
there is no reason to believe that it will continue indefinitely to be 
regarded unfavorably. In the days of white pine logging, Norway 
pine, maple, and yellow birch were likewise considered undesirable. 


1 The section which deals with the characteristics of the growth and stands of aspen, 
was written by Joseph, Kittredge, Jr., senior silverculturist, Lake States Forest Experiment 
Station, St. Paul, Minn., except for the subsections and related species and on diseases, 
which were written by Henry Schmitz. Much of the material has been adapted from Minn, 
Expt. Sta. Tech. Bull. 60, ‘‘Forest Possibilities of Aspen Lands in the Lake States,” in 
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Fig. 1. “Brush,” Five-Year-Old Aspen, Usually Considered Worthless 


More recently hemlock was looked upon as a weed tree in the northern 
hardwood forest. Only a few years ago, jack pine was considered 
not worth cutting. Yet all of these species in turn have become 
marketable at prices that have justified large-scale commercial de- 
velopment. There is every reason to believe that aspen also will be 
cut and utilized to advantage. Aspen is useful and desirable for 
purposes other than the products it yields. It tends to maintain the 
forest soil in good condition. It serves as a nurse tree for the estab- 
lishment of white pine and spruce reproduction. And finally, it pro- 
vides its own fire insurance. Altho light fires will kill the part of the 
tree that is above the ground, the root system produces suckers pro- 
lifically after every fire and the new stand of suckers is more dense 
than the stand that was killed. 


Aspen and Closely Related Woods 


Aspens, together with cottonwoods and other poplars, not includ- 
ing yellow poplar, all belong to the genus Populus. In the Western 
Hemisphere, poplars are found from the Arctic Circle south to north- 
ern Mexico and Lower California, and from the Atlantic to the Pa- 
cific Coast. In the Eastern Hemisphere, poplars are found from the 
Arctic Circle to northern Africa, central China, and Japan. 

In the more northerly parts of both hemispheres, the poplars form 
extensive forests. Chief among these are the aspen of North Amerca 
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(Populus tremuloides) and the European aspen (Populus tremula). 
The common North American aspen extends over approximately 112 
degrees of longitude ; the European, over 140 degrees ; the two almost 
encircling the globe. Few trees have a wider distribution than these 
two species. 

Aspens differ from cottonwoods in flower structure and not, as 
generally supposed, in the flattened leaf petiole. Many of the more 
common cottonwoods also have a flattened leaf petiole, a characteristic 
commonly ascribed to aspens. 

Two species of aspen grow in North America. These are com- 
monly known as aspen (Populus tremuloides) and large-tooth aspen 
(Populus grandidentata) and in the Lake States as popple or poplar. 
In the lumber and pulp industries, the two species are seldom separated. 
Several varieties of aspen (Populus tremuloides) are also recognized. 
The differences between the varieties are minor and of no concern to 
the lumberman, inasmuch as there are no distinguishable differences 
in the characteristics or properties of the wood. 

Among the more important American relatives of the aspens are 
the swamp cottonwood (Populus heterophylla), balsam poplar (Pop- 
ulus balsamifera), northern black cottonwood (Populus trichocarpa 
hastata), eastern cottonwood (Populus deltoides), and cottonwood 
(Populus sargentii). The balsam poplar, or balm-of-Gilead, is the 
only one that grows extensively with the aspen in the northern part of 
the Great Lakes region. 


Aspen Stands in the Lake States 


Origin and life history of aspen stands.—In the old-growth 
forest, before cutting and slash fires, aspen must have been an un- 
common and inconspicuous constituent of the forest. it probably 
occurred as an occasional small, suppressed tree, or group of trees, in 
the openings, particularly in the white pine and white spruce forests. 
As cuttings and fires removed the old growth and incidentally destroyed 
the few existing aspens, suckers came up from the roots in a radius 
of 25 or 30 feet around each of the stems that had been destroyed, 
and with 20 to 30 suckers to a stem. Every fire that burned over the 
area thus increased the density and the area of the aspen in the new 
crop. Almost all of the enormous area of aspen in the northern Lake 
States today has resulted from repetitions of this process. 

The tiny “cotton’-tufted seeds of aspen are produced abundantly 
in most years.on seed-producing trees. They are so light that it takes two 
or three million to make a pound; consequently they are carried long 
distances by the wind and germinate almost immediately if they fall 
on moist ground. Most of the seeds, however, never germinate, except 
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in the occasional favorable season and place; or the frail seedlings 
die during their first year. Altho an insignificant part of the present 
aspen stands have originated directly from seed, seeding has been 
important in enabling the aspen to gain a foothold in new places so 
that scattered trees were widely distributed from which the suckers 
developed and spread as the old forest was removed. 

The few seedlings which survive are likely to be destroyed by fire 
before they are 25 years old. The root systems are established, how- 
ever, and a group of vigorous, rapid-growing suckers replaces each 
aspen that is killed. The new group occupies an area of about one 
fifteenth of an acre. Ten years later, more or less, the trees of this 
group are killed by another fire and the succeeding crop of suckers 
covers more than one fourth of an acre. After the fourth fire, the 
suckers from a single, original tree may completely and densely occupy 
an area of one acre. This process is significant because it could account 
for the presence of the aspen type on areas where aspen trees occurred 
at the rate of one per acre in the original forest and where four or 
more fires have burned subsequently. These two conditions have 
existed in the Lake States on very large areas, quite comparable with 
the area of the aspen type. 

On small areas that escape fires, the aspen grows rapidly until 
about 50 years old. Many of the smaller trees are crowded out and 
killed in the competition in the dense stands. The fungus causing the 
common decay usually attacks the trees at or before this age. After 
50 years, the decay increases, the vitality and growth of the trees de- 
cline, and few reach an age of 100 years: Some suckers start because 
the death of larger trees makes openings, but the suckers are usually 
few. Often balsam fir, pine, and spruce or maple and basswood re- 
place the aspen at this stage and thus end the aspen cycle. More often 
it is renewed by cutting or fire in the early stages of development. 

Present area.—The surveys of the Michigan Land Economic 
Survey, of the Wisconsin Economic Inventory, of Hansen in St. Louis 
County, Minnesota, of Sparhawk in Lincoln County, Wisconsin, and 
of the National Forests indicate that the aspen type occupies from 
one third to two thirds of the forest area in the northern Lake States. 
The total area has been estimated as 21,000,000 acres. A rough divi- 
sion of this area between the three states would give Minnesota 
9,000,000, Wisconsin 7,000,000, and Michigan 5,000,000 acres. There 
is little evidence that the area of the aspen type will decrease appre- 
ciably in the next 50 years. 

Distribution by sizes.——The existing surveys of a few counties 
indicate that 60 to 85 per cent of the aspen stands average from 0 to 
3 inches- in diameter, from 4 to 15 per cent between 3 and 6 inches, 
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and from 0.1 to 11 per cent in stands more than 6 inches in diameter. 
These proportions vary in the different states and in different parts 
of the states. In the lower peninsula of Michigan there is less than 1 
per cent of the aspen area covered by stands averaging more than 6 
inches in diameter. In Minnesota as much as 10 per cent is probably 
occupied by such stands, and within areas like the National Forests 
which have been protected from fire, as much as 50 per cent. Wis- 
consin is probably intermediate between Michigan and Minnesota in 
this respect. 

The manner of occurrence of the aspen of different sizes and dif- 
ferent areas of stands is related to the history of the region. Aspen 
has come up most commonly on the former white-pine areas, which 
occupied a belt across north central Michigan, Wisconsin, and Min- 
nesota. These areas were logged 30 to 50 years ago and a large pro- 
portion has since been taken up by settlers. Consuegently, aspen 30 
to 50 years old is more commonly found in the white-pine belt in small 
units, frequently forming parts of farms. For this reason, it is 
not easy at the present time to find or block out large areas of aspen 
of merchantab'e size, altho there are such areas in places on old burns 
in northern Minnesota (Fig. 2). Likewise, young aspen, which has 
come up after recent fires and logging operations in the more northern 
parts of the region, occur in large areas where sizeable contiguous hold- 


Fig. 2. Aspen-Paper Birch Forest, 50 Years Old, Superior National Forest 
Occasional trees of jack pine, white spruce, and white pine in mixture. 
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ings could be acquired. Such areas would. contain little merchantable 
forest now, but would serve primarily as a source of future supply. 

It has been estimated that there are about 29,000,000 cords of 
aspen in trees 4 inches and more in diameter in the Lake States. A 
large proportion of this, however, is in trees 5 and 6 inches in diameter 
and progressively less in the larger sizes. At present most users of 
aspen do not utilize trees less than 6 inches in diameter. If an attempt 
were made to estimate the total amount of aspen in trees more than 
6 inches in diameter, it would probably not exceed 12,000,000 cords. 

The diameter classes from 0 to 3 inches, from 3 to 6, and more 
than 6 inches correspond to age classes from 0 to 25 years, 25 to 50, 
and 50 years and older. Aspen ordinarily reaches merchantable size in 
50 years. The prediction can be made, therefore, that, altho there is 
less than 6 per cent of the aspen area in merchantable stands now, 
there will be from 15 to 40 per cent of the area that will become 
merchantable within 25 years, and the remaining 60 to 85 per cent 
will become merchantable in from 25 to 50 years. Not more than 20 
per cent may die before reaching merchantable size. If the very con- 
servative figure of 7 cords to the acre as an average stand, is used, it 
appears that the volume of aspen in 25 years will be 25,000,000 to 
30,000,000 cords, and within 50 years more than 100,000,000 cords. 
These are very rough figures and make no allowances for cutting or 
decay, but they indicate how the present young stands will contribute 
to the volume that will be available in the future. 

Diameters and heights attained—The sizes of aspen at differ- 
ent ages vary with soil and site conditions; and the diameters, in par- 
ticular, vary with the density of the stands. The average diameters 
that are attained in well-stocked stands in 40, 50, and 60 years on 
good, medium, and poor sites, are given in Table I. If 6 inches is 
considered to be the smallest average diameter at which aspen stands 
are merchantable, the figures indicate that, on sites of medium quality, 
the trees reach this average size in about 50 years; on good sites by 
45 years; and on poor sites, not until after 60 years. If aspen is left 
to grow to old age, some trees may attain diameters of 12 to 15 inches 
and heights of 90 to 100 feet. Occasional trees are found with diam- 
eters as large as 20 inches. 

TABLE I 


AVERAGE DIAMETERS OF ASPEN IN WELL-STOCKED STANDS AT DIFFERENT AGES 
AND ON DirFERENT SITES 


Average diameter breast high on 


Age = S = 
Good sites Medium sites Poor sites 
Years Inches Inches Inches 
BQ cons aeteecre etree 5.4 4.5 Seo 
SOP rere ete totarconreliac 7.1 5.9 4.6 
GO. Reet ereten an cranes 8.9 7.6 5.8 
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TABLE III 
VotumE TABLe By INTERNATIONAL Loc RULE* For SEconpD-GrowTH ASPENT 
Number of 16-foot logs 
Diameter, breast high | Clee _ * 3 ] Basis 
1 14 2 26 3 3% 4 AY 
Inches Volume +, board feet Trees 
Ge 4 15 20 | 26 ay: ee ie 43 
Wick | 15 24 32 40 aes was'dbon nese] | Wale ene 42 
8... 16 | 27 39 50 60 | i b. 47 
9 15 20 |__ 44 aan kf ca Se 37 
10 34 51 68 | 86 104 122 | 36 
11 37 58 79 | 100 120 144 167 22 
12 41 66 92 118 144 171 | 198 26 
13 75 106. | 138 170 202 233 23 
Ue Ee Pen Wiki rite | eee evened 85 123 161 199 237 274 | 18 
Ao res ee, 142 185 230 276 319 5 
16 163 213 | 264 319 369 
| Ly oan ee ee 36 36 32 35 44 | 39 68 9 299 


* Based on a Y%-inch kerf. 

+ Block indicates extent of original data. 

t Stump height, 1 foot; top diameter inside of bark, 5 inches; trees scaled in 16-foot 
lengths. Compiled by the frustum form factor method. 


TABLE IV 


VoLtuME TaBLe By ScriBNER Decrmat C LoG RULE For Seconp-GrowTtH AsPpEN* 


Number of 16-foot logs 


| 


216 3 316 4 4 


Diameter, breast high Basis 


S) 
i) 
~~) 


Inches Volume t, board feet Trees 


War adsconcaes: * See 
Miler es 

15 
16:2 


TSBIS sxc eet ee 22 34 27 45 25 45 35 1 234 


* Block: indicates extent of original data. 

+ Stump height, 1 foot; top diameter inside of bark, 6 inches. Scaled in 16-foot 
lengths. Compiled by the frustum-form factor method from data collected in 1925, 

The volumes of individual trees corresponding to different diam- 
eters and heights, in terms of a standard cord, are given in Table II. 
The volumes of trees in board feet by the international Jog rule, which 
approximates the volume obtained by careful sawing and close utiliza- 
tion to 5 inches inside bark diameter at the top, are given in Table ITI. 
The volumes in board feet by the Scribner Decimal C rule, with utiliza- 
- tion to 6 inches top diameter inside bark, are given in Table IV. 
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Tables II, I1I, and IV can be used in estimating aspen stands by 
multiplying the volume given for cords or board feet, as desired, by 
the number of trees in the tally of corresponding diameters and heights. 
The figure for each diameter and height is an average and may not 
give the exact volume for an individual tree of that size, but when 
applied to about 25 or several hundred trees, such as are included in 
a cruise tally, it should represent closely the average volume of the 
trees of those dimensions. 

Growth and yield of aspen.—Aspen grows rapidly; in fact, 
it is one of the most rapid growing species in the Lake States for the 
first 50 years, or until the age at which it reaches merchantable size. 
The rate of growth varies, however, with the soil and site conditions, 
and with the age of the stand. For example, on a medium site at 30 
years, well-stocked stands grow at the rate of about 4/10 of a cord 
per acre annually, and at 50 years almost 9/10 of a cord, after which 
the average annual growth diminishes. On a good site at 50 years, 
the growth rate may be as much as 1% cords per acre annually, and 
on a poor site as little as 1/10 of acord. These figures must, of course, 
be reduced to allow for defect and for openings in the stands, which 
always decrease the yields per acre over large areas. 


TABLE V 


Corpwoop YIrELD FOR WELL-STocKED ASPEN IN TREES Four INcIIES AND OVER 
IN DiAMETER, Breast HiGH 


Average 
Kind total Average Basal Peeled 
of Age height of diameter, area volume 
site dominant breast per acre per acre* 
trees high 
Years Feet Inches Square feet Cordst 
MGOOG 9 sie) oe) ee 20 40 2.9 83 5 
30 $1 4.2 102 25 
40 62 5.4 120 43 
50 70 7.0 133 55 
60 76 9.0 144 63 
70 82 10.9 151 67 
80 86 12.6 155 69 
Medium .... 30 44 3.5 94 12 
40 ~ 53 4.5 110 30 
50 60 Spe) 122 44 
60 66 7.6 133 51 
70 70 9.3 139 55 
80 74 10.6 143 57 
1 eyo} Sai eo 40) 44 a0) 88 11 
50 50 4.6 98 26 
60 55 5.8 105 33 
70 59 7.1 109 37 


* Stump height, 1 foot; top diameter inside of bark, 3 inches. 

+ Standard cord, 4 by 4 by 8 feet. Close piling. Volumes in cords were obtained 
by applying the factors used for conversion of merchantable volumes in cubic feet to cords 
to corresponding average diameters at breast height. As a check, the same results were 
obtained from curved distributions of stems of different sizes per acre for a given age. 
These latter curves were also used for obtaining volumes in cords for stands with average 
diameter less than 4 inches. 
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The yields of well-stocked stands of aspen at different ages and on 
good, medium, and poor sites, in board feet by the International and 
Scribner Decimal C rules, and in cords are given in Tables V, VI, 
and VII. (See also Figs. 3 and 4.) 


TABLE VI 


Yretp oF SEeconp-GrowTH ASPEN IN TREES SIX INCHES AND Over, 
INTERNATIONAL Loc RuLE* 


Basal 

Kind Trees Average area 
of Age per acre, Average diameter, per acre, Volume 

site 6 inches height breast 6 inches per acrej 
and over high and over 
Years No. Feet Inches Square feet. Board feet 

ZOO. Se binla's atete 30 170 63 6.0 33 3,800 
40 319 66 6.7 80 9,200 
50 403 70 7.6 124 16,700 
60 320 76 9.0 143 23,700 
70 235 82 10.9 Si 30,100 
80 180 86 12.6 155 34,800 
Medium ..... 30 80 59 6.1 14 1,400 
40 215 60 6.3 45 5,000 
50 358 62 6.9 96 10,700 
60 378 66 7.9 127 16,500 
70 290 70 or 138 21,300 
80 234 74 10.6 143 24,800 
Poor fmencner 40 74 53 6.1 13 1,400 
50 200 54 6.4 42 4,500 
60 306 55 7.0 81 8,200 
70 327 59 7.6 102 11,500 


* Based on a \%-inch kerf. 
7+ Stump height, 1 foot; top diameter inside of bark, 5 inches. Bark is not included 
in volume. 


TABLE VII 


Y1e_p oF Seconp-Growtn Aspen, TREES SEVEN INCHES AND OVER, 
ScriBNER Decrmat C Loc RuLE 


Trees Average 
Kind peracre Average diameter, Basal Volume 
of Age 7 inches height breast area - per acre* 
site and more high per acre 
Years No. Feet Inches Square feet Board feet 
GOOdNerer tetas 30 35 69 Hes 10 500 
40 167 70 7.6 52 3,400. 
50 297 72 8.1 103 9,600 
60 290 77 1 9.3 135 17,300 
70 235 82 10.9 150 23,600 
80 180 86 12.6 154 27,400 
Medium .\... 40 68 65 ies 21 1,000 
50 213 66 “hf 69 4,300 
60 300 68 8.3 112 10,300 
70 268 fal 9.5 132 16,400 
80 229 74 10.6 140 19,700 
Poot! eatetcher. 50 68 58 7.4 20 1,000 
60 174 59 7.6 5o. 3,200 
70 240 60 8.0 84 6,600 


* Stump height, 1 foot; top diameter inside bark, 6 inches. Bark is not included 
in volume. 
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Fig. 3. Well-stocked aspen, 20 Years Old, on Good Site, 
Chippewa National Forest, Minnesota 


If an average diameter of 6 inches is again taken as the merchant- 

able limit, Tables V, VI, and VII show that well-stocked aspen on 
medium sites at 50 years will produce 44 cords to the acre in trees 4 
inches and over, on good sites about 50 cords in 45 years, and on 
poor sites not more than 33 cords in 60 years. In board feet by the 
International rule, the corresponding figures are 10,000 board feet per 
acre at 50 years on the medium site; 13,000, at 45 years on the good 
site; and 8,000, at 60 years on the poor site. 
__ The number of trees per acre from which these yields are obtained 
are also indicated in the tables. It is, of course, possible to obtain 
reasonably good yields at younger ages where the number of trees 
of merchantable size is correspondingly less. At 50 years on the 
medium site, when the trees average about 6 inches in diameter, only 
358 out of 645 trees on the acre were 6 inches and more in diameter. 
The table for cordwood yield gives the number of trees over 4 inches 
in diameter, and the one for board feet by the Scribner rule, the num- 
ber over 7 inches. 

Over an area of 40 acres or more, there will be openings where the 
trees do not stand so thick and uniform as they did in the stands from 
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Fig. 4. Well-Stocked Aspen, Superior National Forest, St. Louis County, Minnesota 


which these tables were made (Fig. 5). A cruise or estimate will 
indicate how much the volume per acre of any specific area falls 
below that given in the yield tables. A few figures from surveys of 
large areas will indicate how the stands may vary. A township in 
northern Minnesota had 11,006 acres which averaged 414 cords to the 
acre; 32,000 acres in Bayfield County, Wisconsin, averaged 914 cords 
per acre; 28,000 acres of aspen type on the Chippewa National Forest 
averaged 11 cords per acre; 1,223 acres in Bayfield County had a 
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stand of 17 cords per acre, including the trees 3 inches and more in 
diameter. It is evident that aspen stands over large areas have less than 
half the yields indicated by the tables. It is estimated that more than 
two thirds of the aspen area is not well stocked and will produce smaller 
yields than indicated in Tables V, VI, and VII. 


Fig. 5. Open Stand of Aspen, 45 Years Old, 8-Inch Average Diameter, 
St. Louis, County, Minnesota 


Allowance must also be made in most cases for the defect caused 
by the fungous disease common in aspen stands. On an average site 
the decay caused by this disease at 40 years amounts to 7.8 per cent 
of the volume, at 50 years, 11.4 per cent; at 60 years, 15.7 per cent; 
and at 70 years, 20.5 per cent. The yield-table figures should be 
reduced accordingly to obtain the yields of sound wood, unless it is 
known definitely on a specific area whether the decay is more or less 
serious than that indicated by these percentages. 

Ages of trees at maturity and rotation—vThe average annual 
growth of aspen reaches a maximum at about 50 years. From then 
on the rate of growth decreases and the decay increases. It is there- 
fore unwise to hold the stands to older ages if they will produce good 
merchantable yields at 50 years. Large yields of pulp wood on the 
medium and good sites will ordinarily be produced in 50 to 60 years, 
but large yields of saw timber, such as may be cut from stands 70 
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years old, are likely to be obtained only on sites better than medium. 
From 15 to 20 per cent of the aspen area in the northern part of the 
Lake States is on poor sites from which a satisfactory yield of mer- 
chantable aspen will rarely be obtained. 

Diseases of aspen.—Aspen is highly susceptible to a number of 
diseases. These may be grouped as: (1) those affecting the leaves ; 
(2) those affecting the twigs, branches, and the trunk; and (3) those 
attacking the wood of standing trees. 

One of the most common and widespread leaf diseases of aspen 
is caused by Sclerotium bifrons E. and E. The disease is character- 
ized by the eventual death of the entire leaf. Under certain conditions, 
as much as one half of the entire foliage of a tree may be killed. The 
dead leaves are usually persistent until autumn. The disease is very 
con.mon in the southwestern stats, and has also been reported as occur- 
ring in the northern Rocky Mountain region, New England, the Adi- 
rondacks, and Wisconsin. Altho no detailed study seems to have been 
made of the effect of this disease on the rate of growth of aspen, it 
must be appreciable if the infection is heavy. 

Another common and important leaf disease of aspen is caused 
by a fungus usually referred to as Marsonia populi (Lib.) Sace. This 
disease is reported as the cause of a blight in the Rocky Mountain 
region from Colorado to Idaho. It also occurs in New England and in 
the Lake States, but apparently is seldom the cause of great damage. 

The young shoots of aspen are often affected by a disease that 
causes them to turn almost a jet black and to bend back. The petioles 
of leaves attached to such twigs also become blackened and portions 
of the leaves may be similarly affected. The disease is believed to 
be caused by the fungus Napicladium tremulae (Frank) Sacc. It is not 
yet certain, however, that a somewhat similar condition may not be 
caused by other organisms. The disease is widespread and occurs 
practically throughout the range of aspen. 

At least four fungi are known to cause cankers of the branches 
and the main trunk of aspen. Two of these are of European origin, 
and one of the two is known to occur in the United States. 

By far the most common canker of aspen in the Lake States region 
is caused by Cytospora chrysosperma (Pers.) Fr. Cankers caused 
by this fungus are characterized by the reddish yellow spore horns 
which give them a bewhiskered appearance when the spores are 
produced. 

Another important canker of aspen in the Lake States is caused 
by Hypoxylon pruinatum (Klotsche) Cke. Cankers caused by this 
fungus are usually confined to the trunk, and eventually kill the tree 
by girdling it. As it has not been reported on trees more than 6 inches 
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in diameter, this disease would seem to be confined to comparatively 
young trees. 

A study” of Hypoxylon canker in the Lake States showed 37 per 
cent of the trees on sample plots infectd, and 37 per cent killed by 
the disease. How prevalent this type of canker is in the Lake States 
region is not known. 

A canker occurring on aspen is of importance, irrespective of the 
specific cause, as it may eventually lead to the death of the tree or 
be the means of entry for wood-destroying fungi. 

By far the most important group of diseases affecting the utiliza- 
tion of aspen are those that cause the wood of standing trees to decay. 
Altho a large number of wood-destroying fungi have been reported 
as occasionally occurring on aspen, two fungi, the false tinder fungus 
(Fomes igmarius) and the butt-rot fungus (Fomes applanatus) account 
for practically all of the rot ordinarily found in this tree. 

Altho Fomes igniarius is the cause of a heart rot and Fomes ap- 
planatus is characteristically the cause of butt rot, it is not necessary 
to consider separately the losses caused by them. For all practical 
purposes there is no important difference in their effects on the chemical 
and physical properties of aspen wood. 

Three stages of decay are arbitrarily distinguished: (1) incipient, 
(2) intermediate, and (3) final. The incipient stage of decay is of 
little importance, as it is seldom recognized and never culled by any 
industry using aspen. The intermediate stage includes all variation 
in color from straw to chocolate brown, but the wood is apparently 
still hard and firm. This stage of decay is recognized as a defect in 
aspen lumber, but for many uses the utility of the wood is not seri- 
ously impaired. The final stage of decay includes all soft, punky wood, 
irrespective of color. This stage of decay is considered as a serious 
defect and is culled by all industries using aspen. 

At 70 years of age, the total rot, namely, incipient, intermediate, 
and final, affects 31.2 per cent of the merchantable volume of the 
tree; at 60 years, 27.5; at 50 years, 23.0; at 40 years, 18.9; and at 30 
years, 14.8 per cent. At 70 years the intermediate and final stages 
of decay include 20.5 per cent of the merchantable tree volume; at 60 
years, 15.7; at 50 years, 11.4; at 40 years, 7.8; and at 30 years, 4.8 
per cent. 

The figures must not be taken too literally, and they can not be ap- 
plied with exactitude to a specific area. They indicate only the propor- 
tion of decay which, on an average, might be expected in aspen in 
Minnesota. They also indicate the desirability, at least from the stand- 
point of heart rot, of growing aspen under a 40- to 50-year rotation. 

The study from which the foregoing percentages were obtained 


2Poran, A. Hypoxylon, poplar canker. Phytopath. 14:140-145. 1929. 


22 MINNESOTA TECHNICAL BULLETIN 7o 


was made in “wild” stands. Under forest management, injurious factoxs 
which have contributed to the defective condition of the present 
stands will undoubtedly be materially reduced. Fire is the most im- 
portant of these injurious factors, because fire scars offer an excellent 
means of entry for wood-destroying fungi. Mechanical injuries, 
canker, and insects are also important causes. 

Stumpage values.—The value of standing aspen depends upon 
many factors, including not only the amount and quality of the aspen, 
but its location with respect to roads, railroads, or manufacturing 
plants. The prices which have been paid for standing aspen during 
the last few years vary from 25 cents to $1 per cord and from $1 to $2 
per thousand board feet. There are still many areas of aspen, how- 
ever, that are so located that the owners are unable to sell them at 
any price. As the use and demand for aspen increases, more of the 
stands that at present are not salable will become marketable and the 
average stumpage value which may now be between 50 cents and $1 
a cord will tend to increase. 


Possibilities of Aspen as a Forest Crop 


As a forest crop for the repeated or permanent production of wood 
products, aspen offers several marked advantages. It is one of the easiest 
trees to reproduce after cutting. It is only necessary to cut as clean 
as possible, and during the first two seasons, following the cutting, a 
dense crop of rapidly growing aspen suckers is assured. On land that 
produced a merchantable yield at the time of cutting, the suckers may 
be expected to grow and after 50 years again to provide a good yield. 
Often the aspen stands are extremely dense suggesting that their growth 
may be retarded. The larger trees forming the crop at maturity, how- 
ever, seem to be only rarely seriously retarded. Thinnings might 
stimulate the growth somewhat in dense stands. At the ages of 15 
to 30 years when the thinnings would be most beneficial they will not 
provide any return in the form of marketable products for the cost 
of making them. The possible later return induced by increased 
growth has not yet been demonstrated. 

The most interesting and practical suggestion for those who are 
considering aspen as a forest crop is the possibility of acquiring areas 
of young growth for a future supply. It has been shown that the 
aspen lands in the Lake States include a large proportion of stands 
less than 3 inches in diameter, and from 5 to 20 years old. This 
young aspen is now considered to have little or no value. It is grow- 
ing rapidly, however, and will produce a good yield at least of cord- 
wood products when it is 40 to 50 years old. The acquisition of land, 
with young growth already established, means, therefore, reducing the 
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period, during which the land must be held and taxes paid, by a num- 
ber of years corresponding to the present age of the young growth. 
The cost of holding land for a forest crop 20 years, as compared with 
40 or 50 years, obviously is much less. The fire hazard in holding the 
young stands is not so great as would be that on freshly cut-over 
areas, and in case of destruction by fire, only the growth for the 
period corresponding to the age of the young stand is lost. 

Altho aspen grows on some excellent agricultural soils, there are 
also large areas on rough or stony soils that have little or no value 
at present, as indicated by the large areas of land of this type 
that are added to the tax-delinquent roles each year. In the following 
calculations, the aspen lands have been given a value of $2 an acre, 
altho many areas of aspen could not be sold at that price. Any reduc- 
tion of the land value would increase the figures of profit given below. 
The expenses of holding aspen lands have been placed at 10 cents an 
acre a year—the figure adopted in the Wisconsin forest tax law—with 
an additional 3 cents per acre per year for special protection by the 
owner aside from that provided by the state. With these assumptions, 
figures of the interest returns from growing aspen crops for different 
combinations of yield per acre, growing period, and stumpage values 
after a 10 per cent yield tax has been deducted, are presented in 


Table VIII. 
TABLE VIII 


Compounp INTEREST EARNED ON INVESTMENTS AND Costs OF GROWING ASPEN IN 
RELATION TO YIELDS AND STUMPAGE VALUE* 


Stumpage value per cord less 10 per cent 


Growing Yield per yield tax 
period acre - ———— ee 
$0.45 $0.90 $1.35 $1.80 $2.25 
Years Cords Compound interest rate 
30 a loss 03 1.9 3.0 3.9 
30 10 0.2 2.9 4.5 5.6 6.5 
30 20 3.0 5.6 7.1 8.2 9.1 
30 30 4.5 Cel 8.7 9.8 10.7 
40 5 loss loss 0.7 1.6 2.3 
40 10 » loss 1.6 2.8 Bee 4.3 
40 20 1.6 Sid 4.9 5.8 6.4 
40 30 2.8 4.9 6.1 7.0 7.7 
50 10 loss 0.9 1.9 2.6 3 
50 20 0.9 2.6 3.6 4.2 4.8 
50 30, 1.9 36 4.6 5.3 5.8 
50 40. 2.5 4.2 5.2 6.0 6.5 


*Land value, $2 an acre; annual expense, 10 cents for taxes plus 3 cents for 
protection. 


Table VIII can be used in several ways. The increased profitable- 
ness of selecting and holding aspen lands that are accessible and, there- 
fore, have higher stumpage values, but that have good stands that will 
produce high yields is obvious. For example, an area so located that 
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its stumpage will be worth $2 a cord and that will produce 20 cords 
to the acre after 30 years, will yield more than 8 per cent interest, 
whereas one on which the stumpage value is only 50 cents a cord and 
that will produce only 10 cords to the acre will yield only two tenths 
of I per cent interest. The higher yield results, of course, on areas of 
good site quality and where the trees stand thickly. These points 
have been brought out in the discussion of growth and yield. A 
further advantage appears in the reduction of the length of the grow- 
ing period, an advantage inherent in a good site quality and one that 
may also be obtained by acquiring at low prices aspen which is already 
10 or 20 years old, and by that number of years nearer to merchant- 
able size. In Table VIII, if a yield of 20 cords to the acre and a 
s‘umpage value of $1 a cord are assumed, a stand which can be cut 
in 30 years will earn 5.6 per cent interest, whereas one which must 
be held for 50 years will earn only 2.6 per cent interest. Another use 
of the table can be made by anyone who wishes to set the interest 
which his aspen lands must produce, and on that basis decide what 
kinds of land and stands he will buy or hold. If he estimates that 
aspen will be worth $1.50 a cord (equivalent to $1.35 as shown in 
column 5, Table VIII) and 5 per cent is the minimum rate of interest 
that he is willing to accept, the table indicates that the aspen stands 
must yield at least 12 cords in 30 years or 21 cords in 40 years, or 
37 cords if it is necessary to hold them for 50 years. Looking at it 
in another way, if it appears that a yield of only 10 cords to the acre 
can be obtained, then to earn 5 per cent, the stumpage value after 30 
years must be about $1.75 per cord, and after 40 years, more than 
$2.50 per cord. 

In general, considering the large proportion of well-stocked aspen 
stands already 10 to 20 years old which may be expected to produce 
20 cords to the acre when they are merchantable, interest rates earned 
by the growth of such stands, even at present stumpage values, are 
mostly above 4 per cent. 


Further Information, Needed 


Further information needed may be summarized as follows: 

1. At what ages on different qualities of site, and especially on 
the poor qualities, does aspen deteriorate and the stands die before 
reaching merchantable size? 

2. Are there any means by which the decay in aspen from the 
prevalent fungous disease can be prevented or minimized in a prac- 
ticable way ? 

3. The collection of information currently by the census or other 
agency on the stumpage values of aspen separately from those of cot- 
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tonwood, poplar, or other species, should be undertaken and included 
in published reports. 

4. Better and more complete information is needed as to the loca- 
tions, age classes, site qualities, and stands per acre of aspen in the 
region. Some of this information is being obtained in certain counties 
by the state land economic surveys. Their work should be encouraged, 
and expanded and supplemented to provide more nearly complete 
information. 


PROPERTIES? 
General Relation of Properties to Use of Wood 


The clear wood of aspen has inherent properties of merit. Sev- 
eral of these properties are familiar to a large proportion of the gen- 
eral public, for some of the common types of matches are made of 
this wood. The requirements of wood for matches are exacting in 
that the wood must combine straightness of grain, ease of splitting, 
ease of working, and toughness. To meet such rigid requirements, a 
wood must be suitable for other uses as well. The fact that aspen is 
not used more widely for other purposes lies not in the wood itself 
but in other factors, such as cost, distribution of stand, and avail- 
ability in desired sizes and grades. Cost, demand, and harvesting and 
marketing practices change as conditions change. The fact that in 
the past some of these factors have been adverse to the utilization of 
aspen stands does not mean that the wood can not be used more widely 
now and in the future at a reasonable cost and without sacrifice of 
the quality of the product. 

The utilization of the existing stands of aspen has been retarded 
because the lumber-buying public is not generally familiar with the 
properties of the wood. There has been little incentive to inform con- 
sumers of the properties of a wood which was but little used. There 
has been a very general tendency to underrate all of the properties of 
aspen. Other species, such as cottonwood, eastern hemlock, and red 
gum, have passed through a similar stage. A comparison of the 
properties of aspen with those of other well-known woods will correct 
some of the existing erroneous ideas and should aid in the better 
utilization of the species. 

The other woods with which aspen is compared are those that are 
used for many of the same purposes. In addition, comparison is 
made with a few of the best known species of the Lake States. The 
comparisons are made in Table IX by using aspen as 100 points. The 
other woods are shown as so many points above or below aspen. 

2 This section under the general heading “Properties,” that deals with the mechanical 


properties and characteristics of the wood and the grading of the lumber, was written by 
R. P. A. Johnson, engineer, Forest Products Laboratory, Madison, Wisconsin. 
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Physical Properties 


Structure, color, and odor of aspen wood.—Aspen has an ex- 
ceedingly fine and uniform texture. The pores are not visible to 
the unaided eye on smooth-cut end surfaces and the annual growth 
rings are visible only upon close inspection. The result is a wood of 
uniform surface with practically no distinct markings. Finshed, it has 
a silky luster. 

The wood resembles that of large-tooth aspen so closely, both in 
general appearance and cellular structure, that they can not be dis- 
tinguished from one another. In structure, it also closely resembles 
that of various species of cottonwood. It can, however, usually be 
distinguished from them by the larger pores of the cottonwood, which 
are visible to the eye on a smooth-cut end surface. 

As a rule the wood of aspen, both heartwood and sapwood, is 
practically white. On exposure to light and air the surface becomes 
a pale brown or pinkish brown. The inner part of aspen logs is fre- 
quently discolored by decay. In the early stages of decay, the infected 
part may be mistaken for heartwood. The wood around the knots 
is also colored brown, which contrasts strongly with the white wood 
and, at a casual glance, makes the knots appear much larger than they 
are (Fig. 6). The source of the dark color is unknown. It has been 
ascribed to action of wood-destroying fungi. Microscopical examina- 
tion of some of the dark colored wood, however, failed to reveal any 
sign of fungous action. 

The cottonwoods, balsam poplar, and basswood are other light- 
colored woods with which aspen is occasionally confused. The cot- 
tonwoods and balsam poplar, however, have a pale gray or grayish 
brown heartwood, whereas that of aspen is white. Basswood is dis- 
tinguished from aspen by the finer structural differences rather than 
by color. Aspen lumber when surfaced, however, has a characteristic 
silky lustre that is more pronounced than in any of the foregoing woods. 

There exists a decided preference for light-colored or white woods 
for a number of uses; the reasons for which are sometimes difficult to 
understand, as in the case with matches and ladders. If markings 
and stencils are to be used, the whiteness has a utility value. Other 
users prefer white wood because of appearance. Butter boxes and 
comb-honey containers are uses in which the clean appearance of a 
white wood is desirable. 

Aspen has only a slight odor, like that in the cottonwoods and 
balsam poplar, noticeable in shops when the wood is worked. Be- 
cause the wood has little if any tendency to impart odor to foodstuffs, 
it is used for butter boxes, egg crates, and excelsior. The odor of 
basswood, tho not strong, is distinctly different from that of aspen 
and helps in distinguishing the two woods. 
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Fig. 6. The Knots in Aspen Are Characteristic of the Species. No Trace of Decay Was 
Found in Microscopical Examinations of the Dark-colored Wood Surrounding the Knots 


Weight per cubic foot (green and _air-dry).—Aspen is one of 
the hardwoods of light weight. In a thoroly air-dry condition (12 
per cent moisture content in the Lake States) aspen weighs on the 
average, 27 pounds per cubic foot. One thousand board feet of 
nominal 1l-inch dry aspen lumber surfaced to a thickness of 25/32 
inch would weigh about 1,760 pounds. Similar amounts of other 
woods would weigh: basswood about 1,690 pounds, eastern cotton- 
wood 1,830 pounds, sugar (hard) maple, about 2,870 pounds. A com- 
parison of the weight of air-dry aspen with other species, all valued 
for their lightness, is shown in Figure 7. 
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Generally the lighter the weight of the dry wood the weaker and 
softer it is. Like all general rules, this one has some exceptions. 
Thus, altho yellow poplar is heavier and harder than aspen, aspen 
is higher in shock resistance. Large-tooth aspen and aspen weigh the 
same, but large-tooth aspen is harder and tests higher in all strength 
properties except shock resistance or toughness (Table IX). Such 
exceptions usually occur where differences in weight are small. Where 
differences in weight are large, as between maple and aspen, the gen- 
eral rule holds true. 
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Fig. 7. Weight of Air-dry Aspen, 12 per Cent Moisture Content, Compared with the 
Weight of Several Other Species 


The light weight of aspen is obviously an asset or a liability, de- 
pending upon the use to which the wood is put. Lightness is an 
asset in boxes, pails, and other containers because it reduces the cost 
of transportation. Likewise, wood of light weight is preferred for 
spools and for excelsior. Ladders made of lightweight wood are easier 
to handle than those made of heavy woods. Woods of light weight 
are also preferred for toys for small children. The tare or dead weight 
of vehicle body parts may be lessened by the use of lightweight woods. 
For flooring, stringers, butcher blocks, and similar uses, woods that 
are heavier and harder than aspen are preferred. Aspen is best adapted 
to uses where lightness is more important than strength and where a 
combination of strength and lightness is desired. 

Shrinking and swelling—Small shrinkage is one of the favor- 
able properties of aspen. Changes of dimension with changes in at- 
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mospheric conditions are the source of many troubles encountered 
in the use of wood. The objections to changes in size of interior trim, 
doors, windows, staves, and ready-cut stock are well known. 

The shrinkage and swelling of aspen with moisture changes is 
less than that of basswood, eastern cottonwood, or yellow poplar, 
woods favored by manufacturers of articles with small srinkage re- 
quirements. Northern white pine and northern white cedar, woods 
widely known for their small amount of shrinkage, shrink less than 
aspen. The difference between these species and aspen, however, is 
less than the difference between aspen and basswood. 
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Fig. 8. Comparison of the Average Shrinkage of Aspen with Several Other Species 
Aspen has a low shrinkage and consequently will not expand or contract much with slight 
changes in moisture content. 


Comparisons of the shrinkage of aspen with that of several other 
species are shown in Figure 8, which is based on the total shrinkage 
from a green to an oven-dry condition. The relative change in 
dimension that may be expected with different species in service with 
any given change in atmospheric or moisture conditions may be ob- 
served in Figure 8. 

Trouble from changing dimension in service is more often caused 
by the use of green or insufficiently dried lumber than to the in- 
herently high shrinkage of the species. Any advantage which aspen 
may have as a result of its low shrinkage may be more than lost by 
the use of wet lumber. The difference in the change in dimension 
in drying from 20 per cent and 12 per cent moisture content to 6 
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per cent moisture content is greater than the difference in the shrink- 
age of aspen and any of the species shown in Figure 8. The use of 
aspen or any other species, therefore, will not insure small change 
in dimension unless the wood is dried to approximately the average 
moisture content it will have in use. 


Mechanical (Strength) Properties of Wood 

Bending strength—The clear wood of aspen has the same 
bending strength as northern white pine (Fig. 9). Northern white 
pine has been used for years in construction work where bending 
strength is important. The clear wood of eastern spruce and eastern 
hemlock, two species also used largely in construction, is slightly 
higher in bending strength than that of aspen. The bending strength 
of construction lumber is dependent more upon the defects present 
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Fig. 9. Average Bending Strength of the Clear Wood of Aspen Compared with 
Several Other Species 
The bending strength of aspen compares favorably with that of a number of important 
commercial species. The strength of large-sized stringers, heavy joists, and rafters depends 
primarily on the size, number, and location of knots and other defects. 


than upon the strength of the clear wood. This along with other 
factors means that aspen has better prospects for industrial and fabri- 
cated uses requiring small, clear pieces than for construction uses. 
Brush and broom handles, toys, matches, kitchen utensils, and wash- 
boards are examples of industrial uses requiring small, clear pieces. 
Altho properties other than bending strength are usually of major 
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importance in such uses, some bending strength is necessary for satis- 
factory service. 

The use of aspen where bending strength is of first importance 
probably will always be limited. Aspen lumber is not generally avail- 
able in the sizes and grades desired for construction work. Smail 
amounts for construction are sometimes used locally, but the largest 
use of aspen timber for construction purposes is in round form for 
mine timbers. Even as mine timbers, the use of aspen is confined 
almost entirely to mines close to aspen stands. Where mine timbers 
must be shipped in, heavier, stronger, and more decay-resistant woods 
are preferred. 

Compressive strength (endwise).—Aspen is used in only a few 
cases where high compressive strength (endwise) is desired. Compres- 
sive strength (endwise) is an important requirement of posts and short 
columns that are required to support heavy loads. Such structural 
members are usually 6 by 6 inches in cross section or larger. Prac- 
tically no material of this character is produced from aspen becatise 
of the small size of the tree. ; 

Considerable aspen is, however, used for mine timbers where com- 
pressive strength (endwise) is an important requirement. For mine 
timbers it is used mostly in log form. Occasionally pieces 2 by 2 
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Fig. 10. Average Compressive Strength (endwise) of the Clear Wood of Aspen Compared 
with Several Other Species 
Aspen posts and short columns have low load-carrying capacity. The strength of 
large-sized _posts depends mostly on the size, number, and location of knots and other 
defects. 
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inches or less in cross section and 20 inches or shorter in length are 
required to support a heavy load. Such posts, to have an equal load- 
carrying capacity, should be slightly larger than cottonwood or jack 
pine posts, but may be somewhat smaller than balsam poplar or 
northern white pine (Fig. 10). Mixed lots of posts, sold as “‘pop- 
ple,” “poplar,” or “cottonwood,” average higher in strength than straight 
lots of aspen posts. This is because of the higher compressive strength 
(endwise) of cottonwood and large-tooth aspen. 

The compressive strength of aspen is comparatively low. How- 
ever, it is generally sufficient for most of the uses into which the 
species goes, inasmuch as in these uses properties other than compres- 
sive strength usually control. 

Shock-resisting ability—Aspen is relatively shock resistant for 
a lightweight wood. Basswood, yellow poplar, and northern white 
pine, woods noted for their softness and light weight, are lower in 
shock-resisting ability than aspen (Fig. 11). 

Shock-resisting ability, or toughness, is dependent on the dry weight 
of a wood; ‘therefore, the slightly heavier cottonwood and jack pine 
are somewhat more shock resistant than aspen. Very heavy hard- 
woods, such as ash and elm, are much higher in this property than 
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Tig. 11. A Comparison of the Average Shock-Resisting Ability or Toughness of the 
Clear Wood of Aspen with Several Other Species 
The shock-resisting ability of aspen contributes to its successful use as canoe frames, 


matches, excelsior, toys, and crating. 
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The shock resistance possessed by aspen increases its range of use- 
fulness. It is an asset in crating, consequently much aspen is used for 
this purpose, particularly in the form of barky strips. Basket hoops, 
canoe frames, and ladders are examples of other uses employing 
lightweight soft woods, where shock resistance is also a desired prop- 
erty. Even for small articles, such as golf tees, matches, and parts of 
toys, shock-resistance is an advantage. In mine timbers, either round 
or sawed, shock resistance is desired because tough woods give more 
warning of failure than brittle woods. The well-known qualities of 
aspen excelsior is largely due to the toughness of the wood combined 
with other properties desired for this material. In general, while 
the shock-resisting ability and other properties of aspen are not suffi- 
cient to meet the requirements for such uses as ax handles, pitchfork 
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Fig. 12. Average Hardness of Aspen Compared with Several Other Species 
Aspen is a soft hardwood. It is suitable for uses where softness rather than hardness 
is desired. 


handles, baseball bats, and hockey sticks, they are sufficient to meet 
the requirements for the uses to which lightweight softwoods are 
usually put. 

Hardness (or softness).—A number of woods such as aspen, 
northern white pine, basswood, and yellow poplar, are in demand, 
largely, because of their softness. Aspen, basswood, and balsam fir 
have about the same average softness. They are softer than northern 
white pine and yellow poplar (Fig. 12). 

The greatest advantage of the softness of aspen is in the working 
of the wood. Wood for excelsior, matches, baskets, dowels, veneers, 
and spools must be easy to cut or shape. For some uses, such as draw- 
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ing and drafting boards, softness is desired. Aspen is adapted to uses 
where softness is desired either in manufacture or in service. 

Aspen is soft and uniform in texture, i.e., it does not have alternate 
bands of hard and soft wood. Such woods are easier to work than 
those with non-uniform texture. In this respect aspen is very similar 
to basswood and yellow poplar, which are preferred for a number of 
uses because of their softness and uniform texture. Aspen can meet 
requirements for a combination of uniformity of texture and soft- 
ness equally as well as either yellow poplar or basswood. 

Stiffness——Aspen is not a stiff wood. It will bend more under 
a given load, other things being equal, than jack pine, basswood, or 
northern white pine, but less than balsam poplar or northern white 
cedar. The stiffness of aspen is compared with that of a number of 
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Fig. 13. A Comparison of the Average Stiffness of the Clear Wood of Aspen 
with Several Other Species 
Aspen is not a stiff wood, but oversizes are not necessary to cbtain sufficient stiffness 
to meet the requirements of most of the uses into which the wood goes. 


other species in Figure 13. The comparisons are for clear wood but 
apply almost as well to wood containing knots or other defects, for 
defects have little if any influence on stiffness. 

Stiffness is one of the important requirements of joists, studs, and 
other framing material. Aspen framing material would have to be 
somewhat larger in size than that of eastern spruce or eastern hem- 
lock to have equal stiffness. Aspen is used for framing only in small 
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quantities, as it is not available in as many sizes and grades as a 
number of the coniferous woods. 

In most of the uses to which aspen is put, stiffness is not of 
importance. The stiffness of aspen is such that oversizes are not 
necessary to obtain sufficient stiffness for such uses as baskets, boxes, 
small handles, and beekeepers’ supplies. 

Nail-holding power.—The average holding power of a 7-penny 
cement-coated nail driven 1!4 inches into the side grain of dry aspen 
is 194 pounds.* The same sized nail driven into green aspen would 
have about the same holding power when first driven. The holding 
power would, however, decrease rapidly as the wood dried (Fig. 15). 
The holding power of the nails driven into green aspen is only about 20 
pounds after the wood has thoroly dried. 
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Fig. 14. The Nail-hold:ng Power cf Aspen Compared wi-h That of Several Other Species 

Aspen has about the same nail-holding power as scme of the soft hardwoods of light 
weight, but it has somewhat less nail-holding power than white pine. In service, the small 
tendency of aspen to split in nailing results in little loss in holding power from this cause. 


The nail-holding power of aspen is comparatively low, about the 
same as that of basswood and eastern cottonwood. Jack pine, eastern 
hemlock, and northern white pine have a higher nail-holding power 
than aspen (Fig. 14). More or larger nails must, therefore, be used 
with aspen to obtain a nail-holding power equal to that of the latter 

, 3“Nail-holding Power of Various Species of Wood,” by L. J. Markwardt and J. M. 


Gahagan, Forest Products Laboratory, published in “The Timberman,” August, 1929; the 
“Southern Lumberman’ of July 15, 1929, contains detailed data on nail-holding power 


of 50 species including aspen. 
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woods, provided they split no more than aspen in nailing. Fortunately 
the softness and uniform texture of aspen usually permits the use of 
a nail large enough to obtain the necessary nail-holding power with- 
out undue hazard from splitting. For uses, such as framing, where 
nail-holding power is desired to hold a covering, an increase in the 
size or number of nails is not generally necessary to obtain satisfactory 
nail-holding power. [Even in standard food boxes where the nailed 
joints are usually the weakest parts, recent tests at the Forest Products 
Laboratory showed that it was not necessary to increase the size or 
number of nails in aspen boxes to obtain satisfactory resistance to 
rough handling.t The aspen boxes stood more rough handling than 
boxes of a number of species with higher nail-holding power. The 
smaller tendency of aspen to split at the nails was apparently suffi- 
cient to more than compensate for its lower nail-holding power. 
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Fig. 15. The Loss of Nail-holding Power of Aspen and Several Other Woods When Nails 
Are Driven Into Green Wood and Pulled After Seasoning 
So large is the loss in nail-holding power under these condilions, that it is pocr prac- 
tice to nail into the green wood cf any species which will later dry in service. 


Nails driven into green aspen lose about 90 per cent of their nail- 
holding power when the wood has thoroly dried (Fig. 15).  Satis- 
factory service can not be expected when nails are driven into green 
aspen and the wood allowed to dry out later in service. It is poor 
practice to nail any, species while in a green condition, but especially 
so with aspen. 

Splitting —Aspen is straight grained and consequently easy to 
split. In this respect it is about the same as eastern spruce. [astern 

4 Results’ of these tests on boxes made of aspen and eight other woods are given in 
articles by I’. A. Carlson, published in ‘‘Packages,” 32, No. 3: 11, 14, 16, 22; March, 


1929; “Packing and Shipping,” 55, No. 12: 21-25, March, 1929; and “Mississippi Valley 
Lumberman,” 60, No. 11: 26-27, March 15, 1929, 
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cottonwood and yellow poplar are much harder to split than aspen; 
balsam fir and eastern hemlock are somewhat easier (Fig. 16). 

Some uses require a wood that is easy to split and others, a wood 
that is hard to split. Matches, toothpicks, and shoe pegs are uses 
that require easily split woods; uses such as vehicle body parts, where 
bolts are used for fastenings, require wood with high splitting resist- 
ance. Aspen is better suited to the first than to the second type of 
uses. 

Splitting in nailing is dependent more upon the softness and tex- 
ture of wood than upon the splitting resistance. The softness and 
uniform texture of aspen are responsible for it splitting less in nailing 
than many harder woods with higher splitting resistance. Wash- 
boards, brooms, and boxes require woods with little tendency to split 
in nailing. Aspen is well adapted to such uses because its low splitting 
resistance is more than offset by its softness and texture, resulting in 
a low tendency to split in nailing. The tendency of small or thin parts, 
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Fig. 16. Comparison of the Splitting Resistance of the Clear Wood of Aspen with 
That of Several Other Species 
Splitting resistance is a measure of the resistance to splitting from the action of 
wedges and bolts but it is not a measure of the tendency to split in nailing, which is depend- 
ent largely on the hardness and texture of the wood. 


such as egg case tops, sides, or bottoms, to split in nailing can be 
materially reduced by the use of blunt-pointed nails, but at some sacri- 
fice in holding power. Aspen veneer or thin shooks can often be suc- 
cessfully nailed with blunt-pointed nails when it is impractical to reduce 
splitting sufficiently by reducing the size of the nail. 
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Decay Resistance 


Aspen is classed with basswood, cottonwood, and the true firs in 
the matter of decay resistance. The heartwood of these species is low 
in decay resistance. The sapwood of all species has a low resistance 
to decay. 

When the heartwood or sapwood of aspen is to be used for rail- 
way ties, poles, fence posts, mine timbers, or other uses where it is in 
contact with the ground or exposed to moist or wet conditions, it 
should be treated with a preservative. Furniture, brush handles, boxes, 
and similar articles are seldom used under conditions favorable to 
decay. In such uses, decay resistance is of no importance and un- 
treated aspen will last as long as the decay-resistant woods. 

The actual life of untreated aspen in contact with the ground varies 
widely. The life of aspen fence posts, ties, or mine timbers can not 
be predicted. It depends largely on the conditions under which the 
wood is used. Untreated aspen fence posts at a high elevation in the 
southwestern states are still serviceable after 28 years, altho all the 
aspen posts in a test fence in another location have been removed at 
the end of 10 years of service, and all but 15 per cent of the posts 
showed decay. Under favorable conditions, aspen may last only two 
or three years. 


Adaptability to the Manufacture of Pulp and Paper 


Aspen can be readily pulped by any of the standard chemical or 
mechanical processes. It is the standard pulp wood employed in the 
soda process for the production of certain grades of book papers. 
However, of the standard processes, the sulphite process probably 
offers the best prospects for better utilization of aspen in the Lake 
States. Many mills where such utilization can be made are already 
established in the Lake States, especially in eastern Wisconsin. These 
mills have difficulty in obtaining adequate supplies of the species com- 
monly used for pulp and paper. The prospects are that the difficulties 
will increase with the depletion of the supply of spruce, balsam fir, 
and eastern hemlock. The large amount of aspen in the Lake States 
offers a possible solution to the raw material problem of these mills. 

Aspen alone or) mixed with softwoods is readily pulped by the 
sulphite process. The adaptability of aspen to pulping by the sul- 
phite process, either alone or mixed with spruce, balsam fir, or eastern 
hemlock, has been demonstrated by tests made at the Forest Products 
Laboratory. The yield of pulp per cord of aspen will average about 
950 pounds, approximately the same as the yield obtained from eastern 
hemlock. The unbleached pulp is of excellent color, but usually con- 
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tains small black specks which disappear on bleaching. The pulp 
bleaches readily to a high white color. It is not so strong as pulp 
made from the softwoods® but it bas other desirable characteristics, 
such as opacity, bulk, and softness. These properties are responsible 
for its use in book, tissue, and specialties. 

Mills manufacturing sulphite pulp from softwoods can handle aspen 
satisfactorily with their regular equipment. About the only change 
that needs to be made in processing the pulp is the use of a set of 
smaller cut screen plates. Information on how to treat or process 
aspen pulp or mixed aspen and softwoods can be obtained from the 
Forest Products Laboratory at Madison, Wisconsin. 

The sulphate and soda processes produce an easily bleached aspen 
pulp and give yields of from 45 to 50 per cent. These processes, 
however, are applicable to practically all North American hardwoods 
and in addition can be used with cornstalks and other materials. 

Mills producing soda pulp are located largely outside of the Lake 
States. The available supply of raw material is much greater than in 
the case of sulphite mills, and the demand for soda pulp or sulphate 
pulp of an equivalent grade, shows little tendency to increase. The 
soda and sulphate processes, therefore, do not offer promising prospects 
for the utilization of the aspen stands. 

The ground-wood process was first employed with aspen. For a 
long time it was not considered suitable for other woods. Spruce, 
however, has largely supplanted aspen in the production of ground- 
wood pulp because it requires less power for grinding and, in addi- 
tion, gives a pulp of greater strength and better felting properties. 
Aspen ground-wood pulp is light colored and about 85 per cent of 
standard strength. Some aspen is now ground for use in newsprint 
paper and in boards. The complete substitution of aspen ground- 
wood pulp for spruce ground-wood pulp in newsprint would require 
an increase in the amount of chemical pulp to compensate for the 
lower strength properties. 


Characteristics Depending on Combinations of Properties 


Seasoning characteristics—Manufacturers are experiencing no 
difficulty in air-drying aspen. The wood has shown no tendency to 
surface check or warp excessively, nor has it exhibited any other 
serious seasoning troubles. 

The literature on aspen and the lumber trade in general ascribe to 

5 The strength properties of unbleached aspen pulp and of pulp made of a mixture 
of one-half aspen and one-half white spruce and a mixture of one-half aspen and one-half 
eastern hemlock are shown in detail in an article entitled, ‘‘Pulping of Hardwoods and 


Mixtures of Hardwoods and Conifers by the Sulphite Process,” by William H. Monsson, 
Forest Products Laboratory, published in Paper Trade Journal, April 26, 1928. 
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it a tendency to warp. The small amount of information available 
does not reveal the cause of this general opinion. A number of one- 
inch boards and resawed inch stock were dried at the Forest Products 
Laboratory to about 12 per cent moisture content. The thin resawed 
stock furnished a severe test of warping tendencies. A careful inspec- 
tion of the specimens showed that the thin, as well as the thicker, 
specimens held their shape well. Only one specimen showed pro- 
nounced warp. Inspection of a shipment of rough 4/4 air-dried stock 
at about 16 per cent moisture content showed little warping; in fact, 
no more than would be expected of any of the principal commercial 
hardwoods. In a test made at the Forest Products Laboratory of the 
kiln-drying of aspen dimension stock 1 by 1 inch and also 3 by 3 inches 
in cross section, and 48 inches long, the stock was dried without 
developing any pronounced defects, such as collapse, honeycombing, 
excessive surface checking, or warping. The blanks remained suffi- 
ciently straight for furniture stock and the warping was less than 
that shown by the red gum and yellow birch blanks, which were also 
tested.° Thus the general opinion that aspen has a pronounced tendency 
to warp may have resulted from lack of care in seasoning; from a 
comparison with white pine, which is one of the best of our native 
species for holding its shape; or it may have developed from observing 
the pronounced warping sometimes observed in boards cut from small, 
rapid growing trees. 

No extensive research has been conducted at the Forest Products 
Laboratory to determine the most efficient methods of air- or kiln- 
drying aspen. Experience with other species, such as the gums, how- 
ever, indicates that aspen can be successfully dried by modern methods. 

Until more adequate data are available the kiln schedules recom- 
mended for drying birch’ can be used for drying aspen. The kiln 
schedule of the Forest Products Laboratory for birch of 6/4 inch 
thickness or thinner recommends temperatures from 140 degrees initial 
to 170 degrees F. final, and relative humidities from 80 per cent initial to 
20 per cent final. Such a schedule is safe for aspen in so far as pre- 
venting honeycombing, collapse, and excessive checking. 

Ability to stay in place—Ability to maintain size and shape 
is a desirable property in practically all uses into which aspen goes. 
Tho not the most important, it is probably the most generally desired 
of the properties. Tendency to change size or shape increases the 
difficulty of construction and fabrication, injures appearance, and 
adversely affects service. The desirability of retaining size and shape 

©The recults of the tests are presented in a report, “‘Ki'n Drying of Small Dimension 
Stock,’’ by R. H. Grabow, Forest Products Laboratory, Madison, Wisconsin. 


7 For schedules on drying birch see ‘Kiln Drying Handbook,” Department of Agri- 
culture Bulletin No. 1136, p. 49. 
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in such uses as hosiery boards, furniture, doors, fixtures, shoe lasts, 
sashes, woodenware, dimension stock, and forms is well known. Siding 
and sheathing that fail to stay in place not only cause leakage in 
walls but also mar the finished appearance of the structure. 

The ability of aspen to stay in place depends upon a combination 
of its shrinkage and tendency to warp. Shrinkage causes a change 
in dimension ; warping results in a change in shape. The smaller these 
changes, the better the wood stays in place. 

A comparison of the tendency of aspen and several other woods 
to change dimension with changes in moisture conditions is shown 
by the shrinkage comparison in Figure 8. The unequal shrinkage of 
heartwood and sapwood, the abnormal shrinkage of compression wood, 
the presence of knots and cross grain, and the difference in shrinkage 
of flat grain and edge grain in boards from near the pith cause warp- 
ing. No satisfactory method of evaluating all these factors for dif- 
ferent species has yet been devised. Comparison of the ability of aspen 
to stay in place with that of other kinds of woods can not, therefore, 
be made with assurance. Altho a definite comparison can not be made, 
a conclusion can be drawn from the shrinkage values for aspen and 
the frequency of occurrence of the other factors that cause warping. 

Aspen has a low shrinkage comparing favorably with many of the 
hardwoods. It is straight grained, being similar in this respect’ te 
basswood and yellow poplar. Only an occasional board of aspen con- 
tains both heartwood and sapwood and consequently there is prac- 
tically no warping due to unequal shrinkage of heartwood and sap- 
wood. Abnormal compression wood has seldom been observed and 
is responsible for little if any warping in aspen. The occurrence of 
knots is largely a matter of grade. For the same grade knots will 
probably cause no more warping in aspen than in other woods. In 
the mill run of aspen, knots cause somewhat more warping than they 
do in basswood or cottonwood because the small size of the aspen tree 
results in a larger number of boards from near the pith than is obtained 
from species with larger diameters. Thus it appears that aspen should 
stay in place well when compared with other hardwoods. The small 
number of tests made at the Forest Products Laboratory on aspen 
and the experience of at least one consumer confirm this observation. 
However, additional service records and experimental data are neces- 
sary to determine more definitely the ability of aspen to stay in place. 

Gluing characteristics.—Glued joints that are as strong as the 
wood itself are easily obtained with aspen (Fig. 17A). Such joints are 
obtainable with animal, casein, or vegetable glues. Recent tests at 
the Forest Products Laboratory of joints made with these glues re- 
sulted in an average joint strength of 1,725 pounds per square inch. 
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Joint failures were either entirely or almost completely in the wood. 
All of the joints made with casein or vegetable glue showed 100 per 
cent wood failure. Joints made with animal glue were prepared under 
good and also under poor gluing conditions. All the joints made 
under good conditions failed 100 per cent in the wood, and even those 
that were made under poor conditions failed on an average of 97 per 
cent in the wood. With all glues and under all conditions of gluing 
the joints made were as strong as the wood itself.* The development 
of the full strength of aspen with joints made under conditions that in 
many other woods result in starved joints marks the species as one of 
the easiest to glue.’ 

Joints made with animal glue under conditions that were more 
severe than would be employed in a commercial gluing operation, 
showed only 3 per cent of the failures occurred in the glued joints 
(Fig. 17B). Moreover, the joints developed an average strength of 


Fig. 17, Characteristic Joint Failures in Aspen Glued with Animal Glue. Even Under Poor 
Gluing Conditions Most of the Glued Joints Were Stronger Than the Wood 
A. Joints glued under good conditions with animal glue. All failures are in the wood. 
The failures are also typical of those obtained with casein and vegetable glue. 
B. Joints glued under poor conditions with animal glue. The smooth surface on some 
of the specimens shows where the glue rather than the wood failed. 


1,705 pounds per square inch. Aspen can, therefore, be glued satis- 
factorily with animal glue under a wide range of conditions. This is 
an advantage in commercial operations in that it is an insurance against 
poor joints. In addition, gluing operations do not have to be so care- 
fully watched and controlled to obtain satisfactory results. 

8 Gluing schedules Al, C1, and V1, recommended in Tables 7 and 8 of U. S. Dept. 
of Agr. Bul. No. 1500 for animal, casein, and vegetable glues are satisfactory for the 
gluing of aspen. 


® Results of similar gluing tests on 40 other species are shown in U. S. Dept. of 
Agr. Bul. No. 1500. 


44 MINNESOTA TECHNICAL BULLETIN 7o 


The excellent gluing characteristics of aspen adapt it to use for core 
stock for doors, veneer panels, and similar products. The use of 
veneers, built-up construction, and other glued-wood products has been 
steadily increasing for a number of years. The demonstrated excellent 
gluing characteristics of aspen, therefore, open a number of new mar- 
kets for it. 

Painting and finishing characteristics.—Very little information 
is available on the painting and finishing characteristics of aspen. A 
study of the painting characteristics of aspen and a number of hard- 
woods was started at the Forest Products Laboratory in 1930. It 
will require two or three years to obtain sufficient data to warrant 
the drawing of definite conclusions or the making of definite recom- 
mendations. Certain general and tentative conclusions can, however, 
be drawn at this time from data available and general knowledge of 
the properties and characteristics of the wood. 

Aspen is better adapted to paint and enamel than to stain and 
natural finishes. The uniform texture, light weight, and color indicate 
that it will take and hold paint well. Good painting characteristics 
are an important requirement of wood for interior and exterior trim. 
A few trials made on aspen indicated that the dark streaks which 
occur in the wood and around the knots can be satisfactorily covered 
with three coats of white lead paint. No other type of paint has been 
tried on aspen at the Forest Products Laboratory. <A single coat of 
enamel applied on the three-coat white lead base gave a finish which 
indicated that aspen can be satisfactorily used for high-class, light- 
colored enamel work. The wood is reported to take stain well and 
such figure as the wood has shows up well. Where a pronounced 
figure is not desired it should prove satisfactory in stain and natural 
finishes. The wood, therefore, has possibilities for stained and 
enameled furniture, and for painted or enameled interior trim. 

Treating characteristics—Aspen that has received a good pre- 
servative will generally give longer life at lower cost per year than 
the naturally decay-resistant woods without treatment. Aspen posts 
that have been pressure-treated with a 25'per cent coal-tar creosote and 
75 per cent gas oil mixture have given 13 years service at Madison, 
Wisconsin, and are still sound. 

When pressure-treated material is not available or the cost is too 
high, the user can do his own treating on the farm, at the mine, or 
on the job by the hot and cold bath process.*° It is estimated that 
under conditions favorable to decay a life of 20 years or more can be 
expected from aspen posts treated with creosote by the hot and cold 


1 The hot and cold bath treatment is described in U. S. .Dept. of Agr. Farmers’ Bull. 
No. 744, “The Preservative Treatment of Farm Timbers.” 
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bath process. Water-gas-tar or a half and half mixture of waste 
crank-case oil and creosote applied by the hot and cold bath method 
will probably give a reasonably long life to aspen, but data are not avail- 
able on which to base a comparison with the coal tar-creosote treatment. 

Aspen may also be treated with water solutions, such as zinc chlo- 
ride and sodium fluoride. These chemicals are best applied by pres- 
sure. They may be applied, but with less effective results, by the 
simple method of soaking well-seasoned wood for a week or more 
in a tank containing a 5 per cent solution of zinc chloride or a 3% 
per cent solution of sodium fluoride. Detailed instructions for prepar- 
ing solutions and treating by the steeping process may be obtained 
from the Forest Products Laboratory, Maidson, Wisconsin. 

The more effective methods described when applied to aspen make 
it an economical wood to use under conditions favorable to decay. 
The life of aspen that has been well treated with preservatives will not 
differ greatly from that of well-treated material of the more decay- 
resistant woods. ‘The possibilities of using preservative-treated aspen 
for many purposes for which the untreated wood is unsuited have been 
largely overlooked. 

Ease of working.—Aspen is an easy wood to work. It is soft 
and easy to cut, saw, and shape with hand tools. It has a uniform 
texture and is consequently easy to finish to a smooth surface. Aspen, 
in both ease of working and character of surface obtainable, is similar 
to basswood and yellow poplar, both species well and favorably known 
for their working qualities. 

Only easy working woods are suitable for match stock. The use 
of aspen in the manufacture of matches is a testimonial to the working 
qualities of the species. Toys, shoe pegs, clothespins, novelties, tooth- 
picks, and woodenware are other products in which aspen is being 
used because of the ease with which it is worked. Aspen has possi- 
bilities in all uses where ease of working, both as to labor and power 
consumed and character of surface obtainable, is an important or essen- 
tial requirement. 

Altho aspen can be worked with tools that would be impracticable 
with harder and less uniform textured woods, the use of such tools 
results in much poorer surfaces. Poor surfaces from dull tools lose 
for aspen some of the advantages resulting from the smoothness and 
silky luster of the well-finished wood. 

Tho dry aspen dresses to a smooth surface, the wood, when wet, 
has a tendency to fuzz when dressed. This is a common character- 
istic of the softer hardwoods, such as aspen, basswood, yellow poplar, 
and cottonwood, and should be recognized and avoided by proper 
seasoning before dressing. 
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Grading of Lumber 


Aspen is graded under both hardwood and softwood rules. It is 
graded as hardwood factory lumber under the rules of the National 
Hardwood Lumber Association and as softwood yard lumber under 
the rules of the Northern Pine Manufacturers’ Association. Some 
mills grade the entire output of aspen under the pine rules, whereas 
at least one large mill grades the upper grades of aspen under the 
hardwood rules and the lower grades under the softwood rules. 

The best utilization of aspen can probably be obtained by using 
both the hardwood and softwood rules. Most of the industrial uses 
to which aspen is best adapted require small, clear pieces rather than 
full-sized boards. The hardwood grades, with the exception of the 
grade Firsts and Seconds, are cutting grades, and therefore best meet 
the requirements of such uses. On the other hand, uses, such as 
crating, boxes, and building items, use common lumber containing 
knots and other defects. The softwood grading rules are better adapted 
to the requirements of such uses for they are based on size, quality, 
and character of the defects. 

The following discussion of grades for aspen, therefore, describes 
the four best hardwood grades: Firsts and Seconds; Selects; No. 1 
Common; and No. 2 Common, and also the three lowest softwood 
grades: No. 3 Common; No. 4 Common; and No. 5 Common. Such 
a division is purely arbitrary. In practice the demand for the various 
grades largely determines the grading system applied. Thus, No. 2 
Common will probably be graded by hardwood or softwood rules de- 
pending upon the nature of the demand for that type of lumber. In 
fact the companies producing the most aspen are trying out various 
possibilities with reference to grading and eventually the method fol- 
lowed will probably be determined largely by the type of uses in 
which aspen finds the most favor. 

Under the hardwood rules, aspen grades are identical with those 
for sap gum, cottonwood, black gum, tupelo, magnolia, and willow. 
The grades are Firsts and Seconds, Selects, No. 1 Common, No. 2 Com- 
mon, and No. 3 Common. Sound stain is no defect in any of these 
grades. They are all standard hardwood grades except No. 2 Common, 
which requires “sound” instead of “clear face.” 

The combined grade of Firsts and Seconds in aspen must, under 
hardwood rules, contain not less than 33 1/3 per cent of Firsts. Figure 
18A shows three boards of First and Second grade. The right-hand 
board is a first and the other two are seconds. Firsts must be 6 inches 
or more in width and 8 feet or more in length, except that clear pieces 5 
inches wide by 10 feet long or longer are admitted. Pieces with 4 to 
9 feet surface measure must be clear. Seconds must also be more 
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than 6 inches wide and must be 8 feet long, except that a limited number 
of clear pieces 5 inches wide and 10 feet long and more are admitted. 
Aspen is generally cut from small trees and Firsts and Seconds are 


Sécecr SececrT PSeec7 


Fig. 18. Firsts and Seconds and Select Aspen as Graded Under Hardwood Grading Rules 
A. Firsts and Seconds in aspen are usually clear or contain only one or two defects 
because of the small size of the boards. The grade is suitable for uses requiring practically 
clear, full-sized boards. 
B. Selects in aspen are suitable for uses requiring large, clear cuttings or for uses 
that can utilize large cuttings and boards with clear faces but No. 1 Common backs. 


therefore largely clear stock. The boards are seldom large enough to 
permit more than one standard defect'! in Firsts and two standard de- 
fects in Seconds. 

Selects must be 4 inches or more in width. Pieces that are 4 to 6 
inches wide, however, must be 8 feet long or more and must be prac- 


11 Standard defects are defined in the National Hardwood Lumber Association Rules, 
pages 15 and’ 16, paragraphs 29-33, January, 1930. 
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tically clear. Pieces 6 inches and more in width and 8 feet and more 
in length must grade Seconds on the best face and not below No. I 
Common on the poorest face. In addition, the grade also admits boards 
over 10 feet in length that are not less than 6 inches in width and from 
which material with a practically clear face and sound No. 1 Common 
back can be obtained by cutting out defects. Figure 18B shows the 
type of board commonly found in the grade. 

No. 1 Common pieces must be 3 or more inches in width and 4 feet 
or more in length. The permissible amount of material 3 inches in 


Y 


Fig. 19. No. 1 Common and No. 2 Comnion Aspen As Graded Under 
Hardwood Grading Rules 
A. No. 1 Common aspen boards. The grade is suitable for uses that require some 
fairly large cuttings but can also utilize a number of small ones. 
B. No. 2 Common aspen boards. The grade is suitable for uses requiring only small 
cuttings. 


width or less than 8 feet in length in a shipment, however, is limited to 
a small proportion of the whole. In addition, short pieces 4 to 5 feet 
and narrow pieces 3 to 4 inches wide and 6 to 7 feet long must be clear. 
The larger pieces must produce a two-thirds clear face in from 2 to 4 
cuttings. The number of cuttings permitted depends on the size of 
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the pieces. Figure 19A shows the type of boards found in No. 1 
Common grade. 

No. 2 Common must be 3 or more inches in width and 4 feet or 
more in length. Lengths under 8 feet are limited to 30 per cent of a 
shipment. All material must produce 50 per cent clear face in from 
3 to 5 cuttings. The number of cuttings permissible depends upon the 
size of the pieces. Figure 19B shows the type of boards found in 
No. 2 Common. 


Fig. 20. No. 3, No. 4, and No. 5 Common Aspen Boards as Graded Under Softwood Grading 
Rules. All Grades Permit Some Waste. The Dark Streaks in the Photographs Are 
Not Decay and Cause the Grades as Pictured to Appear Poorer Than They Are 

A. No. 3 Common. The large coarse-knotted character of the grade is shown. The 


grade is suitable for rough coverage. 
B. No. 4 Common. Low quality lumber admitting the coarsest defects, such as decay 


and holes. The grade is suitable for crating. 
C. No. 5 Common. Must hold together under ordinary handling. The board on the 
left contains decay which does not show in the photograph. The grade is used largely 


for rough crating. 


Boards of the type commonly found in No. 3 Common, No. 4 Com- 
mon, and No. 5 Common, as graded under Northern Pine Manu- 
facturers’ Association Rules, are shown in Figure 20. Such boards 
are used as a whole for rough coverage and similar uses or are cut 
into required sizes for such uses as crating, backing, or lining. No. 3 
Common, Figure 20A, illustrates the large, coarse knotted type of 
stock typical of the grade. Other defects permitted in the grade, such 
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as firm decay, streaks, occasional knot holes, loose and unsound knots, 
are also shown. About 20 per cent of the run of aspen is No. 3 Com- 
mon. The No. 3 Common is sometimes combined with the hardwood 
grade of No. 2 Common and sold as No. 3 and better. The combina- 
tion ‘“sweetens” the No. 3 grade considerably as may be seen in Figure 
19B. 

Decay is the predominating defect in aspen No. 4 and No. 5 Com- 
mon. In addition, large knot holes, wane, and shake are common. 
No. 4 Common is low quality lumber, generally usable as a whole, 
but permitting some waste. No. 5 must hold together under ordinary 
handling and ordinarily require some cutting. About one half of the 
aspen cut falls into these two grades. 

Barky strips is a special grade of aspen used largely for crating. 
As the name implies a large amount of wane is the outstanding char- 
acteristic of the grade. Material of this grade is only suitable for 
uses that can utilize rough, undressed, comparatively narrow stock con- 
taining considerable bark. 

In applying the data on properties, careful consideration should 
be given to the grades. The defects permitted in the grades not only 
have an important influence on the serviceability of lumber, but may 
modify the comparisons of properties previously presented. Only a 
glance is necessary to show that the strength properties of the boards 
shown in Figure 18 differ materially from those in Figure 20. The 
comparison of the properties of aspen with those of other species given 
in this bulletin holds only for the clear wood or between grades haying 
like defects. 


Necessity for Further Research on Properties 


Information on the properties of aspen is by no means complete. 
Additional research is necessary to supplement existing data on some 
properties, such as shrinkage, seasoning, and decay resistance. In addi- 
tion, there is little information on the painting and finishing character- 
istics of the species, or on the best method of preservative treatment. 

Shrinkage data are needed to enable users to determine the average 
amount of shrinkage or swelling that takes place with any given change 
in moisture content. Present data give only the average total shrinkage 
from a green to an oven-dry condition. Both kiln-drying and air-dry- 
ing studies are needed to determine the best kiln schedules, methods of 
piling, and possibilities of decreasing seasoning degrade. Service rec- 
ords on untreated aspen are needed to determine in what uses the 
decay hazards are too high to permit profitable use of the wood un- 
treated and to determine how well wood stays in place. 

There is practically no information on how aspen will take and 
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hold paint when exposed to weather, or on the possibility of using 
the wood with natural finishes, and only a small amount of informa- 
tion is available on how it will take enamels on interior finishes. Tests 
now under way at the Forest Products Laboratory will furnish informa- 
tion on the painting characteristics of wood when exposed to weather. 

Additional research. on properties should aid in the better utiliza- 
tion of the aspen stands of the Lake States. It will permit the species 
to be used with assurance whereas consumers now hesitate to incur 
risk of unsatisfactory service. Further research should aid in prevent- 
ing the use of the species for purposes to which it is unsuited and thus 
prevent the development of prejudices which tend to retard the use 
of the species for purposes to which it is suited. Possibly, additional 
research may point the way to better seasoning methods that will de- 
crease losses between the timber operators and the ultimate consumers 
and thus make the marketing of aspen more profitable. 


UTILIZATION” 


History of Use of Aspen in the United States 

Aspen has long been regarded in the United States as an inferior 
species. This attitude is due chiefly to the relatively small size of the 
mature tree and the prevalence of heart rot and decayed knots, rather 
than to serious deficiencies in the technical or mechanical properties 
of the wood. It is true that aspen wood lacks unusual strength and 
any marked natural resistance to decay, but for many uses lack of 
strength and decay resistance is not, and should not be, considered 
a limiting factor in its use. 

Small sized trees with numerous defects yield only a_ limited 
amount of clear lumber. As long as logs of other tree species, larger 
in size than aspen, were available at a moderate price, little urge existed 
for utilizing aspen. With a decrease in the availability of basswood, 
yellow poplar, and several other woods, the possibilities of using aspen 
wood for certain purposes became apparent. 

Altho numerous references are made to the utilization of aspen 
in literature, practically no complete analysis has ever been made of the 
situation. In most studies of wood-using industries made by the sev- 
eral states, from time to time, the amount of aspen used is included 
in the general group “other species.” In other estimates of lumber 
manufacture, aspen is included with cottonwood. The scarcity of any 
reliable figures on aspen consumption in the past makes it impossible 
ta trace any definite trends in its use. 


’ 


12 This section included under the general heading “Utilization,’’ which deals with the 
use of aspen wood and lumber, was written by Henry Schmitz, chief of the Division of For- 
estry, University of Minnesota, St. Paul, Minnesota. 
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Notwithstanding the fragmentary references to the use of aspen, it 
is nevertheless apparent that a tremendous change in attitude toward 
its use has taken place. F. Andrew Michaux in 1859 refers to the 
wood of aspen as “light, soft, destitute of strength, and of no utility.” 
“These defects,” says Michaux, ‘‘are not even compensated by an ample 
size and rapid growth.” Michaux was, of course, not only misinformed, 
but unable to visualize the tremendous number of different uses to 
which lumber would be put in the future. The very characteristics 
which Michaux thought were limitations now make aspen preferred for 
certain uses. 

Aspen is utilized to a certain extent almost everywhere it grows, 
but it is cut in comparatively large amounts only in Minnesota and 
Wisconsin. Even in these states, the exact cut is unknown, but it is 
estimated that during 1928 approximately 71,000,000 board feet and 
100,000 cords of aspen were cut in Minnesota. No estimate of the 
total cut of aspen in Wisconsin during the same period is available, but 
in 1926 at least 33,000 cords of aspen pulp wood, 35,000 cords of ex- 
celsior wood, and 4,800,000 board feet of aspen crating lumber were 
used in that state. 

In general, it appears that the consumption of aspen pulp wood will 
materially increase. It also appears that, owing to certain desirable 
characteristics, the consumption of aspen dimension and crating stock 
will greatly increase. Undoubtedly, too, the use of aspen fence posts 
and mine timbers will increase in the Lake States in the future. The 
future trend in the consumption of aspen lumber will depend, to some 
extent at least, on economic considerations. 

At the present time, the price of aspen lumber is comparatively 
low, but as the intrinsic merits of the wood become more fully under- 
stood and additional markets are found for it, higher prices will un- 
doubtedly prevail. Aspen saw logs in 1929 sold for from $21 to $22 
per thousand feet, board measure, depending on the size and quality. 
Prices at shipping points were these prices less the freight to the mill. 


The Use of Aspen in Europe 


It is impossible to draw final conclusions concerning the future 
use of aspen in America from the use of the European aspen. This 
is due to the fact that not only is a somewhat different tree dealt 
with, but also because of the different wood requirements and different 
economic conditions existing in Europe and America. Nevertheless, a 
study of the utilization of European aspen may throw some light on 
the trend which may take place in the use of aspen in America. 

Populus tremula is considered a very desirable tree in European 
countries, particularly Norway, Sweden, and sections of Russia, be- 
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cause of its suitability for the manufacture of safety matches. When 
and where this market for aspen exists, the tree is favored in silvi- 
cultural systems and other tree species are sacrificed for it. 

The total amount of wood required by the match industry is not 
so large as might be expected. Sweden, the largest producer of safety 
matches in Europe, requires approximately 150,000 cubic meters of 
match wood, of which almost two thirds is aspen and one third, birch 
and alder. Thus the annual requirements of aspen by the Swedish 
match industry is less than 40,000 cords. If aspen of good grade 
were readily available, it is quite likely that birch and alder would 
not be used in the manufacture of matches in Sweden. Only the best 
quality of timber can be used in the prcduction of matches. 

In certain sections of Russia where cement is manufactured, Euro- 
pean aspen is used for slack cooperage for cement barrels. Wood 
used for this purpose must be free from large rotten knots. In the 
United States the cement barrel has all but disappeared, cloth and 
paper bags having almost entirely taken its place. As in America, 
aspen is used quite extensively for the manufacture of so-called 
“wood wool,” which is equivalent to our excelsior and used for similar 
purposes. 

Throughout Europe, where aspen occurs naturally, or can be 1m- 
ported at a reasonable figure, many minor uses have been developed 
for the wood. It is used widely, for example, in the manufacture of 
boxes, baskets, crates, and berry boxes of various kinds. In Eng- 
land, the wood used for these purposes is imported from northern 
Russia and in lengths of 7 to 9 feet with diameters of 8 to 16 inches. 
Aspen is also used in England and on the Continent for dry (slack) 
cooperage, particularly for food containers. In central Europe and 
elsewhere, it is used extensively in the manufacture of toys and 
novelties. 


Lumber 


That aspen can be used for lumber and that such lumber will give 
good service under certain-conditions have been amply demonstrated. 
Time alone can tell how successfully it can compete in the market 
with other woods. 

Considerable quantities of aspen have been and are cut into lumber 
by portable sawmills, particularly in Minnesota. This lumber is used 
by settlers for practically all ordinary purposes. Unless it has received 
a preservative treatment, however, it should not be used in contact 
with the soil or in damp places which are favorable to decay. 

Aspen has also been cut commercially for lumber in Minnesota 
for years and a number of special markets have been developed. Some 
of the planing mill products are illustrated in Figure 21. 
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The size of aspen in the Lake States accounts for the small dimen- 
sions of aspen lumber products. Products of larger sizes than 2 by 
12 inches or 4 by 4 inches are exceptional. 

Among the important characteristics of aspen wood that make it 
suitable for certain purposes are: 


Combination of strength and light weight 
Small tendency to split in nailing 

Excellent gluing characteristics 

Lack of pronounced odor 

Combination of softness and uniform texture 
Complete absence of pitch 

Light color 

Ability to withstand sanding without raising grain 
Suitabality for painting 


SOROS ON 1M ST ae 


Much promotional work will undoubtedly be necessary before the 
market for aspen lumber will be greatly extended. [Enterprising pro- 
ducers of aspen lumber are undertaking this work and their efforts 
will undoubtedly be worth while. 

Planking and flooring.—For the last two years, the Minnesota 
Department of Highways has been experimenting with the use of 
aspen as an alternate for rock elm and oak, which are ordinarily used 
for planking longitudinal wearing courses on bridges. The material 
used is sawed and surfaced to 1 7/8 inches in thickness and from 
6 to 12 inches wide. Aspen planking stands up well under the wear 
and tear of highway traffic. According to the reports received, aspen 
roughs up and forms a “fur mat’ that is quite resistant to wear. 
When aspen planking in wearing courses in bridges is dented by tractor 
lugs, the fibers apparently are not cut and they return to their normal 
position in a short time. Similar treatment cuts the fibers of harder 
woods, such as elm or oak, and the planking deteriorates rapidly under 
continued abuse. 

Aspen planking used for this purpose, or for any other where 
decay conditions are favorable, must be treated with suitable wood 
preservative. The Minnesota Highway Department now gives bridge 
planking an empty cell treatment with coal-tar creosote with a final 
retention of six pounds per cubic foot. Aspen planking has long been 
used for barn floors because of its resistance to mechanical wear. 

Some softwoods of light color and uniform texture have recently 
been used successfully for floors in dwellings, gymnasiums, and armor- 
ies. Aspen, however, is softer and lighter-colored than any of the 
woods so far used. It may dent and mar too easily to be satisfactory 
or its light color may not prove popular. A few installations are neces- 
sary to determine whether aspen is a desirable wood for high-class 
flooring. It is possible that factory floors of aspen wood blocks might 
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prove successful. Blocks used for this purpose are ordinarily treated 
with a wood preservative to render satisfactory service; aspen should 
be no exception to this practice. 

Interior trim and finish.—Probably one of the most promising 
fields for aspen lumber is interior trim and finish. Its small tendency 
to split in nailing, lack of resin, reaction to sanding, and suitability for 
painting comply with most of the requirements for interior trim or 
finish, especially when it is to be painted or enameled. Aspen wood 
shrinks no more than other woods commonly used for this purpose 
and less than others. Items of interior trim now manufactured from 
aspen are shown in Figure 21. 


Fig. 21. Types of Aspen Molding Stock 


Exterior trim.— Woods very similar to aspen in properties and 
characteristics have been used extensively in the past for exterior trim. 
Basswood and yellow poplar siding, cornice, and trim are found on a 
number of old houses. The demand for these woods for special and 
more exacting uses has very largely removed them from the exterior 
trim market. Aspen will probably have a somewhat similar develop- 
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Fig. 22. Test Panel of Aspen Siding, Painted and Unpainted, After Ten Months’ 
Exposure to Weather 


ment. The properties of aspen and the results of tests now in progress 
indicate that it will meet requirements satisfactorily for exterior trim. 
Figure 22 shows painted and unpainted aspen siding after ten months’ 
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exposure to weather. Additional tests now started will furnish more 
detailed data on aspen exposed to the weather at widely scattered points 
throughout the United States. 

Much exterior trim is narrow, that is, six inches or less in width. 
Aspen must go largely into uses that can utilize narrow stock, for the 
small size of the aspen tree results in the production of large amounts 
of narrow stock. Until a demand from specialized and exacting uses 
has developed, a portion of the cut will probably find a market locally 
as exterior trim. 


Boxes and Crates 


About 3% billion board feet of softwoods and more than one 
billion feet of hardwoods were used in the United States in 1928 for 
boxes and crates.'** This amounts to approximately 15 per cent of the 
total lumber cut annually. During recent years, the fiber carton and 
the veneer box have been used in increasing amounts. There seems to 
be little reason to believe, however, that the amount of lumber used for 
boxes will decrease very rapidly in the near future. As a matter of 
fact there are some indications that, as the number of people concen- 
trated in urban and industrial cénters increases and food and other 
goods must be shipped greater distances, the demands for boxes, crates, 
and other types of containers will increase. 

To be used extensively for boxes and crates, a wood must have 
certain characteristics and properties, chief of which are: (1) lightness 


TABLE X 


AVERAGE SpeEciFrc Gravity OF Vartous Woops AND THE WEIGHT OF Empty Boxes 
Corrected To 15 Per Cent Morsture ContEeNT 


Weight of empty 


Average box in pounds at 
Species specific 15 per’ cent 

gravity moisture content 
SPU et cy Vel eats cis males mn.a%e easels 0.362 6.33 
Reomland white fir... 2s... ede 362 6 43 
Galitormianred: fit 2... seiee ate we : 355 6.47 
TAWRIEG, ache | 5icig EERO ee ea 363 6.54 
RSET mMM I tata edna sic “ofoe alain ela la 385 6.72 
Western yellow pine ....+%..... .393 7.16 
Lodgepole pine ..............+. 437 7.63 
Western hemlock .....000.e08rs> .432 8.16 
WWiesterme VarCh teins ts es Melee se -562 9.44 


in weight, (2) strength, (3) nail-holding capacity, (4) appearance and 
workability, and (5) the absence of odor and taste. There is probably 
no such thing as an ideal wood for boxes and crates, but aspen seems 
to combine to a remarkable extent many of the required characteristics. 

18The figures on the consumption of lumber far boxes and crates were obtained 


from a canvass conducted by the Forest Service in co-operation with the Bureau of the 
Census, United States Department of Commerce. 
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Aspen is one of the lightest of the hardwoods generally available for 
box shooks and crating material. A study made by the Forest Products 
Laboratory of the suitability of certain little-used woods for shipping 
containers shows that aspen produced the most serviceable box on the 
basis of weight of any of the species tested. The relative weight of 
the wocds included in this study is given in Table X. 

Altho aspen is not a strong wood, generally speaking, it possesses 
sufficient strength for all ordinary crating and boxing purposes. The 
bending strength of clear aspen is about the same as that of northern 
white pine and more than that of many other woods commonly used 
for boxes. Tests made from different woods show that boxes made of 
aspen are almost as satisfactory as those made of lodgepole and western 
yellow pine. 

One of the most important considerations in using wooden con- 
tainers for food products, such as cheese, butter, and fresh and smoked 


Fig. 23. Food Containers Made from Aspen 
A. Farmers’ heavy-duty egg case; fifteen-dozen size, made entirely of aspen. 
B. Farmers’ heavy-duty egg case, thirty-dozen size, made entirely from aspen. 
C. Shipping box for dressed poultry made from aspen. 
D. Cheese boxes, two- and four-pound sizes, made from aspen. 


7 
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meats, is the absence of any pronounced odor and taste. Aspen wood 
is practically odorless and tasteless, and can be used with safety. The 
light color, soft texture, and smooth finish of the wood also adds much 
to the general appearance, so important in food containers. 

Various types of boxes and crates made of aspen are shown in 
Figures 23 and 24. These have given very satisfactory service and 
there seems to be no reason why new and extended uses for these 
products can not be developed. 

Minnesota, Michigan, and Wisconsin used about 554,000,000 board 
feet of lumber for boxes and crates in 1928. How much aspen con- 
tributed to this total is not known. In St. Paul and Minneapolis over 
4,000,000 board feet of aspen were used for boxes and crates in 1928. 


Excelsior 

At the present time somewhat more than 200,000 cords of wood 
are used annually for the manufacture of excelsior. In the Lake States 
and New England States, where the industry is more concentrated, cot- 
tonwood and aspen are used extensively. Basswood, tho preferred, is 
used in smaller quantities. In the South and along the Atlantic sea- 
board, loblolly and shortleaf pines are used. Other woods used include 
western yellow pine and Douglas fir, particularly on the Pacific Coast ; 
red gum in the South; and spruce, hemlock, and chestnut. 

The qualities most desired in excelsior wood are toughness, light 
color, light weight, and freedom from odor. Basswood is generally 
believed to meet these requirements most fully, but scarcity and high 
prices militate against its wide use. It is estimated that not more than 
11 per cent of the total annual production of excelsior is manufactured 
from basswood. Aspen wood meets all the essential requirements for 
excelsior; it is tough, white in color, comparatively straight grained, 
and free from odor. It is quite likely, therefore, that the use of aspen 
will continue to increase for the manufacture of excelsior. 

A recent survey of wood requirements of the excelsior manufactur- 
ers of Wisconsin indicates*that approximately 33,000 cords of aspen 
are used annually in that state. Minnesota manufactures only a com- 
paratively small amount, but most of that which is manufactured is 
made from aspen. Figures on the use of aspen for excelsior manu- 
facture in Michigan are not available, but as Michigan is one of the 
most important producers and aspen supplies are quite abundant, it 
is likely that a considerable quantity of aspen is used annually for 
excelsior. 

The large production of excelsior in the state of Michigan is, no 
doubt, somewhat influenced by the requirements of the furniture in- 
dustry of that state. Until additional local markets are found to 


Fig. 24. Crates Made from Aspen 
A. Aspen crate for home heater. 
B. Wire-bound aspen crate. 
C. Special design aspen crate for gasoline pump. 
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absorb the product, it is not likely that the output of excelsior in Min- 
nesota will show very great increase. Large supplies of raw material, 
however, are available. 


Crossties 


At the present time more than 100,000,000 crossties are used an- 
nually in the United States. Altho the crosstie requirements of the 
country increased rapidly in the early years of railway building they are 
now declining, and will probably continue to decline to an annual re- 
quirement of from 65,000,000 to 75,000,000 crossties. This reduction 
is almost entirely owing to the use of wood preservatives, better track 
construction, and more adequate crosstie plating. 

Nevertheless, crossties offer a large potential market for a wood 
that meets the requirements. The records available concerning the 
service of aspen crossties are encouraging. 

To give satisfactory service as a crosstie, a wood must be (1) decay 
resistant, or made so through preservative treatment, (2) able to resist 
impact, (3) able to resist spike pulling, and (4) it must be of sufficient 
strength to withstand the strains of center binding. 

There are no simple mechanical tests that. can be made of wood 
to determine its exact value for crossties. Some composite tests to 
approximate this value, however, have been made by the Forest Products 
Laboratory. These tests involve (1) static and impact bending, (2) 
compression parallel to the grain and end hardness, and (3) compres- 
sion perpendicular to the grain and side hardness. On the basis of 
these tests, some common crosstie woods were classified. These re- 
sults are given in Table XI. In the use and interpretation of the 
data, it must be borne in mind that the figures are approximations and 
that the mechanical properties of individual pieces of any species may 


TABLE XI 

MeEcHANICAL PROPERTIES OF VARIOUS SPECIES oF Woop USED FoR CROSSTIES 

Composite 
Species ; figure 
NATE MEO MM (COMMENT CIAL) Veja cyavel wicis.syeiet aceleauayssuneNe etvzaxdva anes erece' aera 103 
Mbeya Leary ATIC Mar ara recs sy ihe, avarelah ss avers che oinselenavant-epel sis-g aie Bx exb aera 95 
Mine eee CE RM Ot oar) Mac ehahc nea Sake oaLsy iliac ie) Brae wf Shacaicas § advavicaugas aanegra ¥eeos 80 
pam esette MOCOASt TYPE)! .ccurkeas serv teeeN seas eeeane ev rene 78 
“CAVEST TET SUS. ofl gles © gE ence RE CEE ERECT ERP Een EE Zl 
Detrslas fir (Rocky Mountain type) ov. .sccneesereecnenereee 65 
Ch Mine mmenmermMe arnt ic ee: slat ata tetn aan ayceedel Sica’ sreteliotecerpentsan wielsMeyer 58 
OAD Ole mT TITG meyer cle he islets cas sy re-.eie! sire alcibis eit, nisiwrets ince sje atelalle, eae 56 
Oo teweny Ol Owen tener rctenyave Parse al cha'el erie loveuie a soexe iene piste valle elie eye) whan = 55 
eres OO CLM eh TTR Meena rt real casas: &. s%o)iesiaiiniaeyer aye Ota Baloya es wd wie 53 
AN ices ee nan a CONLIN, eer Mae eras, Mer AV site Rtncyaid eas olla avis ot wpa eye eon 52 
We OM OO OC ASTGTIN note alohnatcin GM Niscseala shehae te ala a wi ae ayers ere othe as 49 
mE ene fete nerer ts ce eats iciay eaians lie e oicttueuel-s) sib is oie d aw e205! are 46 
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vary as much as 30 per cent either above or below this average value. 
In Table XI a high composite value is indication of desirable mechanical 
properties for crosstie purposes. 

The composite values indicate that aspen crossties posses mechanical 
properties somewhat similar to those of northern white cedar, and com- 
mon cottonwood. Because northern white cedar crossties have given 
satisfactory service on tangents and switches on lines carrying light 
traffic, it is reasonable to suppose that aspen ties, properly plated and 
treated, would give similarly satisfactory service under the same 
conditions. 

Except under very unusual conditions, aspen crossties must be 
treated with a preservative to give satisfactory service. No data are 
available giving the life of untreated aspen crossties, but there is reason 
to believe that under conditions conducive to decay their average life 
will not be in excess of two or three years. As aspen ties have not 
been used extensively, few records of service are available. 

In 1914, a large Canadian railway system installed a small number 
of aspen crossties in its tracks near Pembroke, Ontario, where the 
traffic is not heavy. These crossties were treated with a mixture of 
creosote-coal tar solution containing 70 per cent creosote and 30 per 
cent coal tar. The amount of absorption of preservative by these 
crossties is not stated. At the last inspection, these ties were still 
giving good service and did not show signs of excessive rail cutting. 

In the fall of 1925, the same Canadian railway system let one 
contract for the delivery of 200,000 aspen crossties in Alberta. Only 
45,000 crossties were delivered on this contract because of the preva- 
lence of “black heart” in the aspen from Alberta. At the same time 
another contract was let for 50,000 crossties. These were delivered, 
but were also found to contain “black heart.’ The purchase of aspen 
crossties by the railway was therefore discontinued, owing entirely 
to the prevalence of “black heart.” 

The crossties obtained under these contracts were square sawed, 7 
by 9 inches by 8 feet, 7 by 8 inches by 8 feet, and a few were 6 by 7 
inches by 8 feet. All crossties were adzed, bored, and incised, and 
were treated by the “Rueping Process” with a net retention of six 
pounds of 70-30 creosote-coal tar solution per cubic foot. No diffi- 
culty was experienced in making the treatments. The average pene- 
tration was about one inch and the distribution of oil in the crossties 
was uniform. Information is lacking on the treatment of aspen cross- 
ties with water soluble preservatives, such as zinc chloride. It is 
known, however, that aspen fence posts may be rather easily treated 
with this salt, and there is no apparent reason why aspen crossties 
should resist treatment with zinc chloride solution. 
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Altho experience with the use of aspen crossties is limited, it ap- 
pears that when properly treated they will give satisfactory service 
when placed in lines over which traffic is not too heavy. It further 
appears that the greatest obstacle in using aspen for crossties is the 
prevalence of “black heart,’’ or common heart rot. 

If aspen crossties are cut extensively in the Lake States, care must 
be taken to prevent fungous infection between the time of cutting and 
treating. Even aspen heartwood is very susceptible to decay. For this 
reason, it is recommended that aspen crossties be cut during the winter 
months and seasoned carefully. Preservative treatment should be given 
as soon as possible after the ties are in proper condition for treatment. 


Fuel Wood 


It is estimated that 100,000,000 cords of fuel wood are used annu- 
ally in the United States. Of this amount about 36,000,000 cords are 
produced on farms. In 1925, about 1,154,000 cords of wood were cut 
on Minnesota farms; about 1,858,000 cords on Wisconsin farms; and 
about 1,368,000 cords of fuel wood on Michigan farms. 

In all probability only a comparatively small amount of aspen is 
cut in any of the Lake States for fuel. This, in part at least, is no 
‘doubt influenced by the fact that by far the larger stands of aspen are 
found in the sparsely settled regions of the Lake States. In many 
respects, aspen makes a good fuel wood. When green, the tree cuts 
and splits easily, dries out rapidly, and burns with a steady flame. On 
a weight basis, it gives about as much heat as any other non-resinous 
wood ; that is, a ton of dry aspen yields about as much heat in burning 
as a ton of hickory or oak. In Table XII are given the fuel values 
of some common woods. The values are for dry, or comparatively dry 
woods. The heating value of wood containing larger amounts of mois- 
ture is materially reduced and the vigor with which the wood burns is 
much less. Fire wood should, therefore, be well seasoned before it is 
used. s : 

On the average, a pound of dry wood liberates on combustion 
approximately 8,000 B.t.u., bituminous coal 13,000, anthracite coal 
about 13,000, and charcoal about 16,000 B.t.u. Fuel wood is ordi- 
narily not sold by weight but by volume. A cord of aspen wood will 
give up on burning cnly about half the total amount of heat of a 
cord of white oak or hickory. A cord of dry hickory wood is about 
equivalent in heating value to a ton of coal, whereas a cord of aspen is 
about equivalent to one-half ton of coal in heating value. 

Even dry wood is, however, a much less concentrated fuel than coal 
or oil. For this reason, combined with handling costs, it can not be 
transported long distances and the use of wood as a domestic fuel in 
urban centers is usually a luxury. 
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TABLE XII 
Heat Vatues or Corpwoop—WEIGHTS FOR OVEN-DRY, AIR-DRY, AND GREEN Woops, AND 
AssuMING 7,350 B.T.U. AvartLaBLe PER Pounp oF Dry Woop wiTH 
Fiue Gases at 300° F. 


Available heat units per 
cord of 90 solid cubic 


Species feet (in millions B.t.u.) 
Air-dry Green 
Tardwoods 
Ash, whites (CBs \GmeriGGnm), Gace sma coca oe len ene 20.5 19.9 
ASpen, ES rempOwdesy Oe catyeiats ave oeinscw elie ore oliver 14.1 12.1 
Aspen, largetooth (P. grandidentata) .......... 14.2 12.4 
Basswood, (Ui GaneviGanad)” as ws wrote axe avale a. oapnetere 12.6 11.0 
Beech, (CF. aivropniced), onc w w ow ois ce aie ve wn 20.9 19.7 
Birch, paper (Bi. papyrif era) ii a8 cis ene a cans ews 18.2 16.7 
Birch perow: (Be urea” 4 ci csleleatguerere «lasaeala eens 20.9 19.4 
Cottonwood, eastern (P. deltoides) ........-+.. 15.0 12.7 
Maple, sugar (A. saccharwm) o.cciee nce. casa dees 21.8 20.4 
Oak. Ped COE Fabre) «thin cinvnovrerd hears eines 21.7 19.6 
Oa arabe CON GDA)! so. aa? ce teceate inte acecatens meta Ries 23.9 22.4 
Softwoods 
Hemlock, eastern (T. canadensis) .....00s0es00. 15.0 12.8 
Pinte A yack CE Me avICALa) scat wands wate caltinrentens seteteyoes 1557 13.4 
Panes NOL wary ice) MESUNOSG) hccets fomntansts toate easietenate 17.8 16.8 
Coal: long ton’ (25240 pounds) i. thie s Sree 29.1 


* Based on Forest Products Laboratory tests. 


Posts 


Practically all woods are used for fence posts. A decided prefer- 
ence exists, however, for naturally decay-resistant woods. When these 
are not available at reasonable prices, posts made of woods lacking 
natural decay resistance may be used but they should be treated with 
a preservative. The number of posts required annually in the Lake 
States is not known, but it probably exceeds 100,000,000. In the United 
States as a whole, it is estimated that approximately 900,000,000 posts 
are needed annually. 

In Minnesota, aspen fence posts are often used either in their 
natural condition or treated with a preservative. The average life of 
an untreated aspen post in the Lake States region is estimated to be 
from three to six years, depending upon the locality, soil condition, 
and size of the post. In a semi-arid region aspen posts last much 
longer. 

The average life of creosoted aspen posts is not known. Pressure- 
treated aspen posts, in tests at the Forest Products Laboratory in co- 
operation with the University of Wisconsin, were in good condition 
after thirteen years of service, and will undoubtedly give many more 
years of service. An estimated average life of 20 to 25 years for 
properly pressure-creosoted aspen fence posts is thought to be con- 
servative. The posts included in the Wisconsin test absorbed in ex- 
cess 16 pounds of creosote per cubic foot or approximately two gallons 


j 


q 
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per post. The absorption can be regulated by proper control of the 
treating conditions. The hot and cold bath process may be used with 
aspen posts, altho the absorption of the preservative and depth of pene- 
tration are not subject to so close control as in pressure treating. 

The use of aspen for posts in the Lake States will undoubetdly in- 
crease as the more desirable species become scarcer and consequently 
more expensive. This use probably will have little influence on the 
general problem, as there are few localities where the production of 
fence posts forms an industry. More often fence posts are cut by the 
farmer as the need occurs. Aspen is a common tree in farm wood- 
lots in many sections of the Lake States, and these woodlots will un- 
doubtedly provide a large part of the future demand for fence posts. 


Mine Timbers 


In 1923, 13,000,000 cubic feet of round, and 20,000,000 board feet 
of sawed mine timbers were used in the Lake States, principally in 
Michigan and Minnesota. Altho a comparatively small portion of 
aspen is used for mine timbers in the Lake States, it is suitable for that 
purpose. The two outstanding qualifications required of mine timbers 
are adequate strength and reasonable resistance to decay. Lack of 
natural decay resistance, however, can be overcome with preservative 
treatment. 

Ordinarily round mine timbers are not graded for either strength 
or appearance, but in the mining industry there has developed a very 
definite conception of what species are suitable or at least desirable 
for the mine timbers. This method of evaluation of the suitability 
of a species for mine timbers undoubtedly militates against a wider use 
of aspen for this purpose. 

A study of the suitability of different woods for mine timbers has 
been made by the Forest Products Laboratory, Forest Service, Madi- 
son, Wisconsin. The various woods used for mine timbers were classi- 
fied into five groups based upon a combination of strength properties. 
These properties are strength as a beam or a post, and toughness or 
shock resistance. The species were first grouped as to strength as a 
beam or a post; toughness was then considered and all species ranking 
low in this property were placed in one group because timbers low in 
toughness do not give warning of failure. 

The average strength of each group is seven eighths of the average 
of the next higher group. Within each group the species are arranged 
alphabetically. 

The hardwoods listed in Groups I and II are seldom used for mine 
timbers if other markets are available. This results in the inferior 
or smaller pieces reaching the mines. Mine timbers of several woods 
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Group I 


Ash, white 

Beech 

Birch, sweet 

Birch, yellow 

Douglas fir- (dense coast type) 
Elm, rock 

Larch, western 

Maple, red 

Maple, sugar 

Oak, commercial white 

Oak, commercial red 

Pine, (dense southern yellow) 


Group II 
Ash, pumpkin 
Cedar, Port Oxford 
Cypress, southern 
Douglas fir (Rocky Mountain type) 
Douglas fir (sound coast type) 
Elm, slippery 
Elm, American 
Gum, black 
Gum, tupelo 
Gum, red 
Hackberry 
Hemlock, eastern 
Hemlock, western 
Magnolia, cucumber 
Magrolia (evergreen) 
Pine, Norway 
Pine, (sound southern yellow) 
‘Tamarack 


Group III 


Ash, black 

Birch, paper 

Fir, silver 

Fir, noble 

Maple, silver 

Pine, lodgepole 
Pine, northern white 
Pine, western white 
Spruce, red 
Spruce, white 
Spruce, Sitka 
Sycamore 


Group IV 
Basswood 
Butternut 
Cedar, incense 
Cedar, western red 
Chestnut 
Cottonwood, eastern 
Fir, white 
Pine, jack 
Pine, limber 
Pire, sugar 
Pine, western yellow 


Pinon 
Popler, yellow 

Group V 
Aspen 


Buckeye, yellow 
Cedar, northern white 
Cedar, southern white 
Fir, Alpine 

Fir, balsam 

Spruce, Engelmann 
Willow, black 


listed in Groups III, IV, and V represent mill or woods run, and con- 
sequently show a wide range in strength. The best and strongest 
material, except for a few species, will not have been sorted for other 
uses. Sawed mine timbers from Groups III, IV, and V will, therefore, 
often average better in grade, other things being equal, than those 
from the Groups I and II. In selecting aspen mine timbers, care must 
be taken not to include pieces having advanced stages or extensive 
heart rot. In the storage of aspen mine timbers, precaution must be 
taken to prevent decay. Removing the bark immediately after cutting 
and piling to facilitate rapid seasoning will help. As aspen mine 
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timbers are susceptible to decay, unless used temporarily, they should 
be treated with preservatives. 


Slack Cooperage 

Aspen has been used to some extent in Minnesota for slack cooper- 
age, particularly for barrels, for the shipment of flour. At the present 
time there seems to be little or no demand in the Lake States for this 
type of container and little evidence that it will increase. The cloth 
sack and the paper bag have almost entirely replaced barrels for the 
shipment of flour. 

Slack cooperage is also used for sugar, fruits, cranberries, candy, 
chemicals, and other commodities. Quantities of some of these com- 
modities are produced in the Lake States, which suggests that a market 
may exist for a small amount of slack cooperage. Whether aspen will 
be used for containers for all of these commodities is doubtful. It is 
also doubtful if aspen can compete in price with such woods as red 
gum, elm, and pine. The small size of the aspen trees and the numer- 
ous defects prevent its extended use for cooperage purposes. It appears, 
however, that aspen may compete successfully with other woods for 
slack cooperage heading. Basswood is generally preferred for this 
purpose because of its toughness, light color, light weight, and freedom 

from odor. As heading stock need not be so large as stave stock, no 
difficulty should be experienced in securing stock for aspen heading 
that is free from serious defects. 


Tight Cooperage 
Tight cooperage is extensively used for the shipment of liquids and 
food substance of various kinds. It is not likely that aspen will be used 
extensively for this purpose in the Lake States because of its many 
defects and small size. Aspen may prove satisfactory, however, for the 
manufacture of certain smaller types of tight cooperage. 


_ Matches 
The use of aspen wood in the manufacture of matches in this coun- 
try is just beginning. The match industry offers a new and large field 
for the use of aspen after production is on a permanent and large enough 
scale. 


Core Stock 


A large amount of furniture is manufactured in the Lake States. 
Furniture manufacturers are looking more and more for new woods 

_ for core stock as the woods they are now using become scarcer and 
_ higher in price. The possibility of using aspen for core stock may, 
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therefore, well be considered. Aspen can be delivered to Lake States 
furniture manufacturers with a comparatively short haul and accom- 
panying low transportation costs. 

One of the properties required of wood for core stock is a capacity 
to take and hold glue. None of the woods extensively used at present 
and none that have been tested so far excel aspen in this respect. Light 
weight, ability to stay in place, ease of working, and small shrinkage are 
additional desirable properties of aspen for core stock. Uniform texture 
and absence of a tendency of the grain to rise give it an advantage over 
most soft woods used for this purpose. 


Novelties 


Because of its physical and mechanical properties, aspen should 
find favor with industries manufacturing various novelties. Clothes- 
pins are manufactured successfully from aspen wood (Fig. 25). There 
is no reason why aspen could not be used for spools, tongue depressers, 
swab sticks, skewers, toy stock, and a many other articles. Economic 
conditions and markets, rather than the technical properties of wood, 
will probably largely determine the development of these uses of aspen. 


Fig. 25. Aspen Clothespins 


Aspen in Pulp and Paper Industry 


In 1926 it was estimated that approximately 33,000 cords of aspen 
pulp wood were used in the entire Lake States. Three years later it 
was estimated that over 100,000 cords of aspen pulp wood were used in 
Minnesota alone. Altho this increase may not be general throughout 
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the Lake States, it does indicate that the demand for aspen pulp is 
increasing. 

In Minnesota, the 1930 aspen stumpage prices range from 25 cents 
to $1 per cord, depending upon the quantity, quality, and accessibility. 
At the mills, aspen pulp wood brings from $8.50 to $9 per cord of peeled 
wood. Prices at shipping points are usually equivalent to mill prices 
less the freight to the mill. 

In the Lake States at present, aspen is used extensively for the manu- 
facture of soda pulp. Because of the fact that mills already established 
in the East are able to supply the existing demand for soda pulp, it 
is not likely that the production of soda pulp in the Lake States will 
increase greatly in the immediate future. 

Aspen now is used in the sulphite process to produce pulps having 
specific properties, such as bulk, opacity, and softness.’ This pulp is 
used in the manufacture of books, tissue, and specialty papers. There 
are indications that the output of this type of paper will materially 
increase. It has been proved by the Forest Products Laboratory that 
aspen sulphite can be substituted to some extent for spruce and hemlock 
sulphite, and that it is possible to digest aspen and coniferous woods 
in the same digester. A small amount of aspen is now ground for 
newsprint and for pulp boards, and it is possible that this use may 
increase. Aspen is also used to a small extent in semichemical and 
semimechanical processes. 

On the whole it appears that the future utilization of aspen for 
pulping depends on its use in the standard pulping methods. These 
methods will undoubtedly be slightly modified from time to time to 
produce the kinds of pulp that are most in demand in the paper market. 
It is believed that large quantities of aspen will eventually be used by 
the paper industry, thereby giving an important outlet for the vast 
aspen resources of the region. 


2 Other Uses of Aspen 


In addition to the uses previously referred to, aspen has also been 
used to a small extent for a great variety of products. No detailed 
information seems to be available concerning the suitability of aspen 
in the manufacture of these products other than that it has been used. 
Some of these uses for aspen are: 


Baskets, fruit and vegetable Bottoms, basket 
packages Boxes and crates 
Beams and frames for railroad cars Boxes, bluing 
Blocks, brush Boxes, butter 
Boards, hosiery Boxes, candy 
Boats, stone Boxes, cheese 
Bodies, vehicle Box, lock-cornered 
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Boxes, piano 

Boxes, pill 

Boxes, shoe peg 
Boxes, tackle 

Boxes, veneer 
Brooms 

Brushes 

Buckets 

Cabinets 

Carriers, potato 
Carriers, root 

Cases, shipping 
Casing 

Casing, house 
Caskets and outside boxes 
Ceiling 

Clapboards 
Cooperage 

Crates 

Crating 

Doors 

Dowels and skewers 
Dressers 

Driers, clothes 
Excelsior 

Fillers, shoe 

Finish, interior, house 
Fixtures 

Flooring 

Forms, hosiery 
Forms, shoe 

Frames, door 
Frames, window 
Furniture 

Furniture, work, hidden 
Games 

Handles, brush 
Handles, cutlery 
Handles, dipper 
Handles, knife, oyster 
Handles, paint and sweeping 
Heads, spool 

Hoops, basket 
Implements, agricultural 
Kegs, putty 

Kegs, spice 

Kits, fish 

Ladders 

Lasts, shoe 


Lining, interior, refrigerator 
Matches 

Novelties 

Newels, stair 

Organs 

Pails, candy 

Pails, cooky 

Parts, body, vehicle, machinery 
Parts, organ 

Parts, potato machinery 
Poles 

Products, planing mill 
Pulp, paper 

Racks, clothes 
Refrigerators 

Sash, doors, and blinds 
Scows, sand 

Sheathing 

Sheeting 

Shingles 

Shooks 

Shuttles, spools and bobbins 
Siding 

Sleds, bob 

Spools 

Stringers 

Stringers, clothes rack 
Supplies, dispensary 
Sweepers, carpet 
Tenders, baby 

Timbers, mine 
Toothpicks 

Toys, bottom, cart 
Toys, bottom, sled 
Toys, bottom, wagon 
Toys, game 

Toys, wheelbarrow 
Toys, yard, play, baby 
Trees, show 

Tubs, food, poultry 
Tubs, jelly 

Tubs, lard 

Tubs, powder 

Tubs, sugar 

Vehicle parts 

W oodenware 

Wool, wood 

Work, interior, furniture 
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Extending the Market for Aspen 


Altho aspen may still be regarded as a little-used species, consider- 
able progress has been made in extending its field of usefulness. Aspen 
has certain characteristics that make it suitable for many uses. The 
real problem of extending the market for aspen appears to consist 
largely in acquainting the wood-using industries with the characteristics 
of the wood and in the recognition of the possibilities for its use. 

Industry, however, accepts new woods slowly, and prejudice and 
custom are difficult to overcome. The most effective way is to accumu- 
late, through research, all the facts dealing with the physical and me- 
chanical properties of the wood. A considerable amount of this work 
has already been done, but much still remains. The accumulation of 
facts is not enough. Aspen wood must actually be used for specific 
purposes, and its suitability for these purposes determined. This type 
of work has been, and probably will continue to be, done largely by 
progressive lumber manufacturers. 

Wood-using industries should co-operate in these efforts, at least 
to the extent of maintaining an open mind to the possibilities. Wood- 
using industries, manufacturing products for which aspen might be 
suitable might advantageously secure a small shipment of wood and 
use it in an experimental way. No other single procedure would con- 
tribute more towards the rational utilization of wood. New markets 
for little-used woods are generally mutually advantageous to both the 
lumber producer and the lumber consumer. 

Research agencies and educational institutions can also participate 
and co-operate in trade extension activities by analyzing the problems 
confronting the wood-using industries and interpreting their needs in 
the light of the known facts concerning the properties of various woods. 
These agencies should at all times be alert to the opportunities to 
render service to the lumber and wood-using industries and should be 
so organized and supported that they will be able to respond to the 
demands made on them. 


CONCLUSIONS 


The large area of land occupied by aspen forests in the Lake States 
makes it essential that the species be utilized more extensively. The 
_ wood is growing faster than it is being used, and the short life of the 
_ tree requires that consumption be more nearly balanced with growth; 
otherwise large portions of the crop will be wasted. 
Aspen is a forest crop from which a profit can be obtained if good 
_ judgment is used and the available information is applied to the existing 
_ aspen stands. 
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The clear wood of aspen has many excellent properties. The prop- 
erties adapt it better to uses where light weight, softness, ease of work- 
ing, and good gluing and good painting characteristics are desired 
rather than to uses where great strength and decay resistance are re- 
quired. The species is better adapted to specialty than to general use 
requirements. 

Regardless of the many excellent properties of the clear wood, 
uses other than lumber must be relied on for the utilization of the bulk 
of aspen stands in the Lake States. The small size of the tree and its 
susceptibility to decay make it difficult to log and mill at a profit. 
Even under the best of practice the proportion of the higher and profit- 
able grades will be low. The present small production of aspen lumber 
is therefore due to the size of the tree and yield in grades, and not to 
inferior properties of the wood. 

Dimension stock, that is, stock cut to size at the mill, apparently 
offers better prospects for marketing aspen at a profit than does yard 
lumber. The tendency toward the production of dimension stock is 
increasing. Dimension stock is particularly adapted to the production 
of small clear pieces in which form aspen is most attractive and it offers 
a possibility of converting the unprofitable low grades into a more 
profitable form. 

There are good possibilities of marketing aspen at a profit in forms 
other than lumber. The small size of the tree does not handicap the 
marketing of the species for pulp wood, excelsior, fence posts, and 
mine props as it does for lumber. The cost of delivering wood as raw 
material is much lower than that involved in delivering lumber to 
users, and the chances of marketing aspen at a profit are therefore 
better. Recent experiments with new methods of pulping tend to 
increase its possibilities as a pulp wood. Aspen mixed with eastern 
hemlock or eastern spruce for the manufacture of sulphite pulp is the 
most promising possibility for increased utilization of the aspen of the 
Lake States. Preservative treatment of mine timber and fence posts — 
offer opportunities of increasing the consumption of aspen for these 
‘ purposes. The Lake States, producing the largest amount of excelsior, 
offer an excellent market for aspen, especially as it is one of the pre- 
ferred woods for this purpose. There is, however, small prospect of 
a material increase in this use. 

It is to be expected, therefore, that the bulk of the aspen crop 
will be marketed as a primary product rather than as lumber. 
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WittiaAmM B. OwEN 
INTRODUCTION 


Parasitic infections of domesticated animals are a problem of much 
economic importance, but information concerning infections arising 
_ from parasites lodged in the soil is meager and generally derived in a 
large part from the study of the parasites of man. With the growing 
‘importance of the fur-farming industry in this country there has arisen 
a demand for more exact information regarding the species affecting 
foxes and other animals that are reared under pen conditions. 
Among the most common of the parasitic worms affecting foxes 
and other carnivors are the ascarid roundworms. Those found in foxes 
are very closely related to, and in most cases identical with, Toxocara 
_ canis of the dog. They have long been recognized as a source of loss 
I to breeders, and as particularly dangerous to young animals. The more 
_ modern work has shown that the early larval stages undergo a com- 
__ plicated migration through the tissues of the animal and that in this 
“3 period they may cause the death of their host in a hitherto unsuspected 


As is well known, new infections under natural conditions result 
_ from the animal swallowing ova which have been incubated in the soil 
Bor water. A practical question often asked by fur farmers is regard- 
_ ing the length of time that the ova of the worms may be expected to 
. temain viable in the soil of animal pens. It is obviously important to 
5 determine what factor or factors govern development and survival 
— under these conditions. 

To give a satisfactory answer to this question, based upon careful 
servations, the author carried on the studies here described. The 
studies on survival of ova during the winter months in the region of 


_ 1The writer wishes to express his sincerest appreciation to Dr. William A. Riley, Divi- 
ion of Entomology and Economic Zoology, for his helpful suggestions and encouragement 
‘ing the course of the studies herein described. Acknowledgment is also made to Dr. Royal 
. Chapman and to Mr. Allan Mail, of the Division of Entomology and Economic Zoology 
‘placing at the writer’s disposal various equipment and the thermocouple data on soil 
perature. 
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Minneapolis, Minnesota, were supplemented with some tests on survival 
at low temperature under laboratory conditions. The studies on sur- 
vival under summer conditions were extended to include a single experi- 
ment carried out in western Kentucky. Some data on development in 
air of known moisture content are also given. 


ECONOMIC ASPECTS OF THE PROBLEM 


The longevity of the ova of the ascarid worms in the soil is not 
only of biological interest but has a definite practical bearing on the 
problems of incidence of parasitism and renewed infection after anthel- 
minthic treatment. Animal breeders frequently find that shortly after 
anthelminthic treatment their animals again become heavily parasitized. 
In fact, if soil where animals run, floors of pens, and bedding are con- 
taminated with the infective ova of the worms, administration of anthel- 
minthics can give only temporary relief. Thus far in prophylactic 
studies, a satisfactory method for sterilizing soil on a large scale in pens 
and pastures has not been found. The opinion is frequently held by 
many breeders of foxes that the low temperatures during the winter 
months in our northern states is severe enough to kill the ova that are 
exposed on the floors of animal pens. One phase of the present problem 
has been to test the validity of this much advocated idea, for, if it is 
true, an obvious and practical method of making pens safe would be 
to remove animals in the fall so as to prevent daily accession of ova and 
allow those present to be killed by the unfavorable weather conditions. 
If it is possible to establish a criterion for the survival of the ova of the 
ascarid worms under field conditions during the different seasons of 
the year, then a step will have been made toward the solution of the 
problem of soil infections in these forms. 


HISTORICAL ACCOUNT 


In the works of early helminthologists, frequent reference is made 
to the longevity of ascarid ova. Verloren (1854) kept the ova of 
Ascaris, marginata (Toxocara canis) in water for more than a year 
and yet they were alive. Richter, as reported by Ktichenmeister (1857), 
placed the ova of this species in water and found that they contained 
living embryos eleven months later. Davaine (1863) reports that the 
ova of Ascaris lumbricoides were alive after being stored for a period — 
of five years. None of these writers give exact details as to the con- 
ditions under which the tests were made. These experiments are not 
strictly comparable with the studies reported here, yet they do empha- 
size the fact that ascarid ova may remain alive under certain conditions 
for one year or more. : 


DEVELOPMENT AND SURVIVAL OF ASCARID OVA 5 


Studies on related species, which have a more direct bearing on the 
present problem, are to be found only in recent literature. Yoshida 
(1920) placed the ova of Ascaris lumbricoides on the surface of the 
soil and under a thin layer of soil and allowed them to remain during 
the winter months at Osaka, Japan. Experimental feeding of these 
ova to a guinea pig at the end of this period proved that they were 
alive. Martin (1922) reports that the ova of Ascaris suwm survived 
‘in the soil during the winter months in Nebraska. McCulloch, Graham, 
and Carroll (1927) failed to find viable Ascaris suum ova after eight 
months’ exposure in the soil at Urbana, Illinois. On the other hand, 
Raffensperger (1927) reports that in one experiment the ova of this 
same species survived for one year under field conditions at Chicago, 
Illinois. None of the above mentioned writers have given actual soil 
temperature records for the period of exposure. 
More critical studies on this problem, which take into consideration 
the different environmental factors that may influence development and 
survival of ascarid ova, are as follows: Brown (1927) found that the 
development and survival of the ova of Ascaris lumbricoides under field 
conditions in Panama were governed by the type of soil in which ex-_ 
posed and whether they received full sunlight or were in the shade for 
the period of exposure. Caldwell and Caldwell (1928) report experi- 
ments carried on in Alabama during the month of July, in which the 
ova of Ascaris lumbricoides, in fecal plants on different types of soil, 
disintegrated on three days of exposure to full sunlight. Ova in like 
- cultures, but placed under shade conditions, were relatively unaffected 
- when examined more than a month later. Viable ova were recovered 

from soil culttires which had been under natural conditions from August 

until the following May. Brown (1928) reports that the ova of 
Ascaris lumbricoides and Ascaris suum survived in sand cultures under 
a weather conditions at Baltimore, Maryland, from December 30 to May 2. 
_ Riley and Owen (1928) and also Owen (1928, preliminary report) 
_ found that the ova of Toxocara canis survived in the soil under field 
- conditions in the region of Minneapolis, Minnesota, from November 11 
~ to April 26. 


MATERIALS AND METHODS 


_ Toxocara canis was selected as the object of these studies because of 

its high incidence and close relationship to some of the other round- 

worms found in a number of domesticated carnivors. It is a common 

_ parasite of dogs, which afford a convenient source for the collection of 
the adult worms. 

In planning each experiment, attempts were made to expose the ova 

in outdoor cultures which would be comparable with conditions they 
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would normally encounter in nature. The ova were collected from the 
uteri of gravid females. Only those ova from the terminal portion of 
the uteri that were known to be fully mature were used. The culture 
plots in which they were planted were prepared from different types 
of soil—sand, clay, and humus. Small flower pots, 3:5 inches in diam- . 
eter at the top and 4 inches in depth, were filled with the desired type of © 
soil and sunk into the ground to such a depth that the surface of the 
soil in the container was on the same level as that of the surrounding 
ground. The ova were placed on the surface of the soil in the con- 
tainer or mixed with the upper half inch of soil stratum, depending 
on the condition desired. No exact estimate of the number of ova 
planted in each culture was made; however, an approximate estimate 
would be about 75,000. In every experiment performed, a number ot 
the ova were cultured at 25 degrees centigrade as a check to determine 
whether they were fertile. 

The records of soil temperature during the winter months were 
obtained with a standard copper-constantan thermocouple. The winter 
cultures were placed about eight inches from the instrument.. The soil 
temperature records for the summer cultures were obtained with a 
mercury thermometer. 

To facilitate the making of differential counts after ova were recoy- 
ered from the soil, the isolation method used by Caldwell and Caldwe!l. 
(1928) and in part, that described by Spindler (1929), was used. This 
method briefly consists of (1) treating a soil sample containing ova 
with a 30 per cent antiformin solution to free them from soil particles, 
and (2) floating the ova from the material with a solution of high 
specific gravity, as concentrated sugar solution or sodium dichromate. 
In these studies sodium dichromate was used to float the ova from a 
treated soil sample. The surface film of this mixture is looped off with 
the open end of a small test tube, transferred to a glass slide, and exam- 
ined with a 16 mm. objective. In the tables of results, the ova are 
classified upon the basis of their developmental progress and state, i.e., 
disintegrated, morula, motile embryos. After certain experiments, infec- 
tion tests were made on guinea pigs and laboratory rats to determine 
the viability of the motile embryo state. 


SURVIVAL UNDER WINTER CONDITIONS IN 
MINNESOTA? 


To obtain the data on survival of ova under winter conditions in — 
Minnesota, three cultures, using sand, clay, and humus soil as media, — 
were prepared on November 11, 1927, and placed for exposure on © 
University Farm. The ova in an unsegmented state were mixed with F 


2A brief report of this experiment was published by Riley and Owen ( 1928) and also + 
by Owen (1928). s 
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the upper half-inch soil stratum in each culture, thus making the con- 
ditions comparable with those to which they would normally be sub- 
jected in nature. On April 26, 1928, the cultures were brought into 
the laboratory for observation. At this time, a number of the ova were 
isolated from a soil sample. None showed further development. Obvi- 
ously, because of the low temperature they had remained, dormant dur- 

- ing the entire period of exposure. The cultures were then placed in 
an incubator, which was maintained at 25° C. until May 12, when the 
ova were isolated and final differential counts were made. The results 
of this experiment are given in Table I. 


TABLE I 


DevELopmMenT SHOwN By THE Ova oF Toxrocara canis AFTER ExPosURE TO FIELD CoNDITIONS 
i 
FROM NOVEMBER 11, 1927, TO APRIL 26, 1928 


a Number Motile 
_ Culture counted Undeveloped Morula* Vermiform embryos Dead 


: per cent per cent per cent per cent per cent 
EE 200 13.0 4.5 6.0 74.0 225 
“U.S ADE RE 0 eens ane en 200 ace 0.5 11.0 79.0 5.0 
DACA ee eee 200 4.5 5.0 8.5 80.0 2.0 


; * For convenience, the term morula is used in this report to designate all multicellular 
| developmental phases previous to the vermiform stage. 


Consideration of these data shows that from 74 to 80 per cent of 
- the ova developed motile embryos with only sixteen days’ incubation, 
_ after the cultures were placed at a temperature of 25° C. From 84 to 
93 per cent were viable, as is shown by the proportion in developmental 
Stages at the time the counts were made. These data coincide very 
closely in all the cultures. The differences are probably owing to the 
technic of recovering ova from the soil rather than to any influence the 
type of soil exerted. 
To test whether these motile larvae were reduced in vitality by the 
ova having been subjected to the temperature indicated in Graph 1 and 
remaining dormant in the unsegmented condition for more than five 
months previous to development, about 500 were fed to a young labora- 
ry rat. At the expiration of three days, the lungs and liver were 
ae with a Baermann isolating apparatus for migrating larvae. 
Four larvae were recovered. This number seems small, but when com- 
ared with the results of Scott (1928) on recovering hookworm larvae 
rom the organs of the host by the same method, it is significant. 
_ Graph 1 indicates the physical conditions of the environment during 
1e course of the experiment. The soil temperature readings were 
ken on alternate days. The air temperature curves were plotted from 
readings taken on the days the soil temperature was recorded. Graph I 
illustrates some significant points to be taken into consideration in a 
rudy of field conditions during the winter months in any of the north- 
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ern states. Snow and, to a less extent, ice serve as a blanket to keep 
the superficial soil temperature from fluctuating as does the air temper- 
ature. Records show that the weather conditions of December were 
the most severe in years, having 22.8 inches of unmelted snowfall and 
a mean air temperature-of 7.34° F. (—13.7° C.). The lowest recorded 
air temperature for December was —15° F. (—26.11° C.). On the 
day this record was obtained the soil temperature under 5.5 inches of 
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Graph 1. Air Temperature, Soil Temperature, and Snowfall from 
November 11, 1927 to April 24, 1928 

Explanation: A, maximum air temperature; A’, minimum air temperature; and B, soil 
temperature at two inches beneath the surface. (No provision for surface soil temperature — 
records was made during this season.) Snowfall is shown in inches. The air temperature 
data are from the United States Weather Bureau, Minneapolis station. The soil temperature — 
data are thermocouple readings taken at site of the cultures. The snowfall was likewise 
measured at site of cultures. = 


snow was 31.64° F. (—0.23° C.). The lowest recorded air tempera- 
ture for the entire period was —20.0° F. (—28.89° C.). On this date 
the soil temperature under 5 inches of snow was again 31.64° F. 
(—0.23° C.). The lowest recorded soil temperature during the entire 
period was 6.26° F. (—14.33° C.). The air temperature on this date 
was —6.0° F, (—21.11° C.). These data clearly demonstrate that 
in a region of much snowfall, air temperatures are not a true index | 
to the temperature conditions on the surface of the soil. 

During the winter of 1928 and 1929, soil temperature records were 
kept with the same apparatus, to which was added a surface junction. — 
The records of this season are given in Graph 2. 
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Comparison of the figures from the surface with those from two 
inches beneath the surface indicate that there was little difference in 
the temperature at the two levels. It is interesting to note that the 
lowest temperature recorded on the surface of the soil during the winter 
of 1928-29 was 17.24° F. (—8.2° C.). Records of soil temperature 
during the winter months of two consecutive years show that at no 
time did it become cold enough to kill the ova of this species, as shall be 
seen from laboratory tests on viability at low temperatures. 

Data from current studies on the resistance of helminth eggs to 
weather conditions do not as a rule take into consideration the striking 
contrast between air and soil temperatures during the season of heavy 
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Graph 2. Soil Temperature Records from Neovember 27, 1928 to April 2, 1929 
Explanation: X, soil temperature at the surface; Y, soil temperature at two inches beneath 
rs the surface. Data taken’ from thermocouple readings. 


We 


snows. It is obvious from the above data that air temperature readings 
alone, when considered apart from other physical factors, can not be 
relied upon during the winter months to give a true picture of condi- 
_ tions on the surface of the soil. 


: ee OPMENT AND SURVIVAL UNDER SUMMER 
CONDITIONS 


In Minnesota 


The studies on the development and survival of the ova of this 
d species under summer conditions in Minnesota were begun during the 


“a eason of 1928. On May 11 of that year, ova in an unsegmented condi- 


we 
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tion were placed on the surface of cultures that were prepared from 
sand, clay, and humus soil, respectively. As these ova were to remain 
under weather conditions during the summer months, it was thought 
that the beating rains and activities of soil organisms would be sufficient . 
to cover them. The cultures were placed on the University Farm in 
such a position that they received full sunlight at the beginning of the 
period of exposure. During the summer, however, grass grew around 
the cultures so that for the latter part of the season they were somewhat 
protected from the sun. Unfortunately, the author was not able to 
keep records of the soil temperature during the experiment, or to make 
examination of the ova at desired intervals. Examination of the ova 
on October 13, 1928, showed that they had all disintegrated. Only 35 
ova were recovered from the three cultures. The contents of these 
were hyaline, and many contained a large refractive bubble which filled 
much of the interior of the ovum. Brown (1928) reports finding 
bubbles of like nature in the ova of Ascaris lumbricoides which had 
broken down as a result of dessication. 

A similar study was made during the summer of 1929. Soil cultures 
of sand and humus were prepared and exposed under three conditions 
of sunlight. One series was placed in full sunlight; another, in thin 
grass about 14 inches high, so that it recetved some shade; and a third, 
under a hedge where there was complete shade. Unsegmented ova were’ 
planted on the surface of these cultures on July 5. There occurred 
almost 2 inches of precipitation on July 6 that mixed the ova with the 
surface soil particles and gave conditions comparable with those in ani- 
mal pens of dirt floors. Soil temperature records and relative humidity 
readings of the air above the cultures were taken in the early morning 
before the sun had shone on them and again at 1:30 p.m., which is 
perhaps the hottest part of the day in this region. These data are re- 
corded in Graph 4. The results of the examination of the ova at definite 
intervals are given in Table IT. 

Consideration of Table II, which gives the developmental stages 
of the ova at the intervals of examination, shows that in full sunlight 
none developed beyond the morula stage and that all were dead at the 
expiration of 11 days. Some of the ova exposed to full sunlight did 
reach the late morula stage but none in either the sand or humus culture — 
developed so far as the vermiform stage. With some shade, the maxi- 
mum number found in the motile embryo stage was 53.5 per cent. This” 
was in the humus culture, as compared to only 18 per cent in the sand — 
culture. In the shade cultures, 75 per cent of the ova in the humus soil 
were in the motile embryo stage when last examined, whereas in the 
sand soil, only 45 per cent were in this stage. pee” E 
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Graph 3 gives a comparative picture of the number of ova disin- 
tegrating in the two types of soil undér the three conditions of sun- 
light. In like manner, the survival of ova reaching the motile embryo 
stage under part shade is illustrated very vividly in the graph. The 
number of ova in this stage reached a maximum (18 per cent) im the 
sand culture on July 12 (7 days’ exposure) then dropped to 5.5 per 
cent on July 16 (11 days’ exposure). In the humus culture, the per 
_cent developing to the coiled embryo stage reached a maximum (53.5 
per cent) on July 16 (11 days’ exposure), then dropped to 30 per cent 
on July 19 (14 days’ exposure). Observations on the ova under com- 
plete shade were not carried far enough to designate the exact time at 
which the greatest number were in the coiled embryo stage. However, 
by looking at Table II, it is evident that the percentages found in that 
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Graph 3. Disintegration and Survival of Ova in Sand and Humus Soils Under Three Condi- 
tions of Sunlight from July 5 to July 19, 1929. Data taken from Table II. 


stage on July 19 (14 days’ exposure), were very close to a maximum. 
From the data given in Graph 3 on disintegration and survival under — 
part shade, it is possible to compute the percentage of ova disintegrating — 
in the two types of soil before reaching the coiled embryo stage. This — 
number is arrived at by subtracting the percentage of ova disintegrating 
after reaching the coiled embryo stage from the final disintegration 
figure. In the sand culture, 90 per cent — (18—5) = 77 per cent, the — 
approximate number disintegrating before reaching the coiled embryo ; 
stage. In the humus culture, 57.5 per cent — (53.5—30) = 34 per 
cent, the approximate number disintegrating before reaching the coiled > 
embryo stage. It is evident, from the data in Graph 3, that disintegra- £ 
tion was much more rapid in sand soil than in humus under both part _ 
shade and complete shade. In full sunlight under the conditions of — 
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this experiment, the rate of disintegration was approximately the same 
in both types of soil. 

Graph 4 gives the soil temperature records and relative humidity 
readings under the three conditions of sunlight during the experiment. 
The variation in relative humidity was so small under the three condi- 
tions that the complete series of readings has been combined into one 
graph. It should be remembered, however, that this graph does not 
give the relative humidity of the air among the soil particles on the 
surface, when the temperature at this level is higher than that of the air 

above. No measurement of the intensity of the light was made. How- 
ever, by comparing the surface-soil temperature records, it is evident 
_ that there was a gradient in respect to the amount of light received under 
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Graph 4. Soil Temperature, Relative Humidity (Taken at a Level Two Feet Above the Soil), 
and Precipitation from July 6 to July 23, 1929. Data Recorded at Minneapolis, Minnesota 
Explanation: A, maximum soil temperature in full sunlight; B, maximum soil temperature 
in part shade; C, maximum soil temperature in complete shade; D, minimum soil temperature; 
X, maximum relative humidity; Y, minimum relative humidity. Precipitation expressed in 
inches. T, traces of preciptation. 


e different conditions. The highest recorded soil temperature in full 
unlight was 131.9° F. (55.5° C.), whereas the highest temperature 
in part shade was 119.3° F. (48.5° C.). In complete shade, the tem- 
perature did not go above 84.2° F. (29.0° C.). The difference between 
sand and humus soil under like conditions was never more than a few. 
degrees. The data given in Graph 4 indicate that high temperature 
ne, when considered separately from the dessicating effect of heat 


sombined with dryness, was a factor in the dedictistion of ova under 
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conditions of full sunlight. This is reasonable, as the surface-soil tem- 

perature in full sunlight on two consecutive days reached 131.9° F. 

(55.5° C.). This reading, it should be remembered, is not taken from 

a constant temperature record throughout the day. Thus it is very 

probable that this figure is not the highest that could be obtained for 
maximum soil temperature under these conditions. 


In Kentucky 


In the latter part of July and in August of 1928 an experiment was 
carried out in the western part of Kentucky to get data on the develop- 
ment and survival of ova under summer conditions in that region. Cul- 
tures, in series of two, were prepared from sand, clay, and humus soil, 
and exposed under two conditions of sunlight. One series received full 
sunlight and the other was located in the shade of a walnut tree. Unseg- 
mented ova were placed on the surface of these cultures on July 23, 
1928. In order to duplicate conditions found in a fresh stool of an 
animal, these cultures were moistened at the time the ova were planted. 
The surface of the soil in the series receiving full sunlight became dry 
with one day of exposure, whereas the cultures in the shade remained 
moist for many days. 

Examination of the ova in the series exposed to full sunlight on 
August 6 (14 days’ exposure), showed that they were all dead. Many 
of these contained the large bubble which was found in disintegrated 
ova after being exposed to summer conditions in Minnesota. The ova 
exposed in cultures under shade conditions were examined at intervals 


as indicated in Table III. 
TABLE III 


DEVELOPMENT SHOWN BY THE Ova OF Towocara canis In CuLTURES UNDER SHADE 
ConpITiIoNS—EXPERIMENT STARTED JULY 23, 1928 


Date No. Unde- Vermi- Motile 
Culture examined counted veloped Morula form embryos Dead — 
per cent per cent per cent per cent per cent 

PUIG Wert araeseae Aug. 13 200 1.0 1.5 0.0 90.0 7:5 
LESRIG Rn pomone Sept, 3 100 0.0 1.0 0.0 93.0 6.0 

Clana dice n Avg 13 200 3.5 0.0 0.0 90.0 6.5 

MASI Cae ale vis Sept. . 3 100 0.0 0.0 0.0 94.0 6.0 

Flumuss scsi Aug. 13 65* 4.6 i , 0.0 0.0 86.6 8.8 

SELIG Soeke ances Sept. 3 R ; 


* This figure represents the total number of ova recovered from the entire culture. An 
error in the original number planted perhaps accounts for this result. 
~ No examination. 


The data given in Table III indicate that the amount of disintegra- 
tion did not increase in sand and clay soil from August 13 (21 days’ 
exposure) to September 3 (42 days’ exposure). During this period — 
the number in the coiled embryo stage increased a little, as is shown by 
the records from sand and clay cultures. 
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Graph 5 indicates the physical data recorded along with this experi- 
ment. The great contrast between the surface-soil temperature in shade 
and in full sunlight is again seen here. In full sunlight, the highest 

recorded soil temperature was 131.9° F. (55.5° C.), whereas the highest 

_ temperature found in the shade cultures was 87.8° F. (31.0° C.). 

_ That ova in the series exposed to full sunlight should disintegrate 
with 14 days’ exposure in the soil is not surprising, as the temperature 
on three consecutive days reached 131.9° F. (55.5° C.). Here, as was 
found under like conditions in Minnesota, the surface-soil temperature 
reached the absolute maximum or lethal point for the ova of this species. 
Examination of these ova at an earlier date would have given more 

accurate information on the actual time they will survive under the 

- conditions here tested, but it was impossible to make such an observation. 
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Graph 5. Soil Temperature and Precipitation from July 23 to August 13, 1928 

Data Recorded in Western Kentucky 
7" Explanation: A, maximum soil’temperature in full sunlight; B, maximum soil temperature 
- in shade; O, minimum soil temperature. Precipitation given in inches. C, cloudy days. 
3 T, traces of precipitation. All data recorded at site of cultures. 


Longevity in the Soil 


The results of a single experiment on the longevity of the ova of 
-Toxocara canis in the soil in the region of Minneapolis, Minnesota, are 
s follows. On November 27, 1927, ova in an unsegmented state were 
anted in a culture of humus soil and mixed with the upper half- 
nch soil stratum of the same. A soil sample of this culture was brought 
o the laboratory on February 4, 1928, and placed in an incubator 

at was kept at 25° C. On February 18, the ova were recovered 
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and differential counts made. The results of this examination are given 
in Table IV, which shows that 84.5 per cent contained motile embryos 
and only 2.5 per cent had disintegrated. 


TABLE IV 


DEVELOPMENT OF THE Ova oF Toxocara canis AFTER BEING IN THE SOIL FROM 
NOVEMBER 24, 1927 TO FEBRUARY 4, 1928 


Undeveloped Morula Vermiform Motile Embryos Dead 


per cent per cent per cent per cent per cent per cent 
Sp) hr Maree aectete toteietarene 11.0 1.5 0.5 84.5 Nae 2.5 


The ova in this experiment were not examined again until Novem- 
ber 24, 1928, which was one year from the date they were placed in 
the soil. In this examination, a total of 55 ova were recovered from 
the entire culture. Of this number, 22 were hyaline, 22 contained a 
large bubble, and in 11 the outlines of the embryos were visible but 
disintegration was in progress. 

This culture was located close enough to the thermocouple that 
Graph 1 expresses the physical condition of the environment during the 
winter months. The culture received full sunlight during the early 
summer but was protected from the heat by grass during the hottest 
part of the summer. The fact that the embryos in some of these ova 
had not completely degenerated when last examined, suggests that the 
ova of Toxocara canis, covered with surface soil to the depth that these 
were, may survive the summer months or even for one year under the 
conditions of this experiment in Minnesota. 


DEVELOPMENT AND VIABILITY AT LOW TEMPERA- 
TURES UNDER LABORATORY CONDITIONS 


In this study the ova were collected from the uteri of gravid females 
and kept in a 2 per cent formalin solution as a culture medium. The 
cultures were exposed in low temperature cabinets for varying lengths 
of time, as indicated in the summary of these studies given in Table V. 

Ova from cultures numbers 7 and 8 were fed to young laboratory 
rats to determine whether they were capable of infecting an animal after 
being exposed to the temperature given in Table V. No migrating 
larvae were recovered from the organs of these test animals. This fact, 
with the further observation that these larvae disintegrated after an 
elapse of one week, indicates that —25.6° F. is fatal to infective ova 
of this species. The data in Table V indicate that 53.6° F. is very close 
to the minimum effective temperature for unsegmented ova, as no devel- 


opment occurred here during a period of 35 days. On the other hand, . 
ova exposed at 62.0° F. for the same length of time, developed to the 
coiled embryo stage. The data obtained in these experiments compare 


é 


DEVELOPMENT AND SURVIVAL OF ASCARID OVA 17 


very favorably with similar studies made by Cram (1924) on the ova 
of Ascaris lumbricoides. 


TABLE V 


SuMMARY OF STUDIES ON DEVELOPMENT AND VIABILITY OF THE Ova or To.sxocara canis 
AT Low TEMPERATURES UNDER LagporaToRY CONDITIONS 


Result when cul- 


Condition of ova Temperature Period of exposure Condition of ova tured at 77.0° F. 


1. Unsegmented Constant at 62.0° F. 35 days 35 per cent motile Normal develop- 
embryos ment 
2. Unsegmented Constant at 53.6° F. 35 days No deve!opment Normal develop- 
r ment 
. 3. Unsegmented 5 to —31.0° F. 7 days No deve!opment No development 
4. Unsegmented Alternated between 3 days at No development Died in 16-cell 
77.0° F. and 5.0 each temp. stage 
to —31° F. for 15 days 
; 5. Motile embryos Constant at 8 hours Motile Motile 
—13.0° F, 
6. Motile embryos Constant at 24 hours Motile Motile 
—13.0° F, 
7. Motile embryos Constant at 8 hours Very little Disintegrated 
: —25.6° F. movement in 7 days 
; 8. Motile embryos Constant at 30 hours None motile Disintegrated 
., —25.6° F. in 7 days 
* 
DEVELOPMENT AND VIABILITY IN AIR OF KNOWN 


MOISTURE CONTENT 


The data given in this report, on development and viability in air 
of known moisture content, are preliminary to further studies by the 
author on the moisture requirements of the ova of Toxocara canis. The 
moisture content of the air in these experiments was controlled by the 
_ chemical method. During the period of exposure the ova were in small, 
- open vials 1 inch deep, over which air of the desired’ moisture content 
circulated. A summary of these studies is given in Table VI. 

; From the data given in Table VI, it is obvious that loss of water 
retards development. This corroborates the results of Otto (1929) on 
culturing the ova of different ascarids in air of known moisture con- 
tent. Unless dessication is complete, development is resumed if the 
~ ova are returned to a water medium. This fact is illustrated by the 
_ figures on development at 52 per cent relative humidity. In air of 
ae 52 per cent relative humidity for a period of 7 days, the limit of devel- 
opment was the morula stage, with 87 per cent in this condition. These 
ova were then returned to a water medium, under which condition 78 
Bc. “per cent developed to the coiled embryo stage. In air of 52 per cent 


at oe 
rt 


relative humidity, for a period of 11 days, 92 per cent of the ova were 
in the morula stage, but when transferred to a water medium only 
D4 per cent developed to the coiled embryo stage. At a temperature of 
from 27° to 30° C., the minimum requirement for ova to develop to the 
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TABLE V1 


DEVELOPMENT AND VraBitity SHOWN BY THE Ova oF Toxocara canis WHEN CULTURED IN 
Air oF Various Percentaces or Retarive Humipitry* 


A 
Ova in unsegmented stage when exposed to humidified air 
Days ex- Relative Maximum development Disinte- Development when returned 
posure humidity in humidified air Motile grated to water medium 
per cent per cent per cent 
3 0.0 7% early morula ari 89.0 No development 
7 0.0 None van 100.0 No development 
3 31.0 17% morula shee 3.0 Continued development 
7 31.0 20% morula Aye 67.0 No development 
7 52.0 87%: morula Hehe 8.0 98% dev. to coiled embryos 
11 52.0 92% morula nen 5.0 4% dev. to coiled embryos 
20 IANO CEM Ledvanteirie cei Attala ABS 100.0 No development 
8 58.3 1.5% vermiform aes 23.5 No observations made 
16 58.3 Morula(no count made) sais (?) 8% dev. to coiled embryos 
8 70.4 4% vermiform oti 4.0 80% dev. to coiled embryos 
16 70.4 Morula(no count made) Ars (?) 30% dev. to coiled embryos 
7 75.0 7.5% coiled embryos 7.5 4.0 77% dev. to coiled embryos 
20 75.0 81% coiled embryos 3-0 14.0 Larvae freed from shell in 
contact with water 64% 
motile 
7 nearly saturated 84.5% coiled embryos 84.5 0.0 
B 


Ova cultured to motile embryo stage previous to exposure 


Per cent of larvae 


Relative Per cent motile Per cent motile when freed in 
Days exposure humidity after exposure disintegrated water 

0.0 80.0 7.0 
2 0.0 66.0 32.0 

7 31.0 0.0 20.0 

20 52.0 0.0 X 1.0 
20 75.0 57.0 38.0 
20 nearly saturated - 83.7 2.5 


* The temperature ranged during the period of exposure from 27 to 30° C. 


4 


coiled embryo stage is a relative humidity of from 70 to 75 per cent. 
At 70.4 per cent relative humidity, for a period of 16 days, no ova 
were found beyond the morula stage, and when ova from this culture 
were returned to a water medium, only 30 per cent developed to the 


coiled embryo stage. ‘This indicates that they were dying very rapidly a 


under these conditions. At 75 per cent relative humidity, for a period 
of 20 days, 81 per cent of the ova had reached the coiled embryo stage 
and only 14 per cent had disintegrated. In air nearly saturated with 
moisture, 84.5 per cent of the ova developed to the coiled embryo stage 
in 7 days, which is just as rapid and within the range of the percentage 
which reach this stage when cultured in water or 2 per cent formalin. 
The maximum number of ova that undergo development when taken 
from the uteri of females, as these were, is from 85 to 95 per cent. 
A point of practical interest found in these studies is that lack of motil- _ 
ity under the warm-stage microscope is not a sure test of whether the 
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Fp 
a larvae are ave: This fact is illustrated by the ova cultured for 20 days 
2. at 75 per cent relative humidity. Under these conditions 81 per cent 
& were in the coiled embryo stage, but only 3 per cent showed motility 
a under the warm stage microscope. Yet when freed from the shell and 
£ in contact with water, 64 per cent of the larvae were motile. There is 
some indication that ova in the coiled embryo stage have a greater 
4 - resistance to dessication than when in the various stages of develop- 
_ ment. For example, 31 per cent relative humidity for a period of 7 days 
was lethal to developing ova, but with ova containing coiled embryos 
‘4 when exposed to the same conditions for the same length of time 20 
per cent of the larvae were definitely alive. 


GENERAL DISCUSSION 
Survival of Ova Under Winter and Summer Conditions 


These studies clearly showed that from 75 to 80 per cent of the ova 
of Toxocara canis can, in the unsegmented state, survive the winter 
“months in the soil under weather conditions in the region of Minne- 
_ apolis. This apparent resistance to very low temperatures is accounted 
i for by the fact that the surface-soil temperature under the. protection 
Pot heavy snows is always much higher than the air temperature. This 
- fact does not exclude the possibility, however, that extremely low tem- 
‘peratures may occur at a time when there is no snow on the ground. 
Inasmuch as laboratory tests indicate the ova of this species are killed 
“at —25° F., there is always the chance that under certain conditions 
_ this temperature may be reached on the surface of the soil. However, 
_ records for two successive winters show that the lowest temperature 
recorded on the soil surface was 6.26° F. (—14.33° C.). 

_ Observations on ova containing motile embryos, which were exposed 
o —13° F. (—25° C.) under laboratory conditions, demonstrate that 
_ they are relatively unaffected by this temperature. Thus it is safe to 
onclude that ova containing motile embryos would have survived under 
eld conditions during the winter months equally as well as those in 
n unsegmented condition. 

Under conditions of low temperature, the ova of this species may 
_ femain dormant in the soil for more than five months and then resume 
‘development if the temperature is raised above that of the minimum 
ective point. Ova having remained dormant for this period are not 
atly reduced in vitality, as is seen by the large number that developed 
tile larvae. The larvae developed from these ova are capable of 
ecting an animal, as was shown by the test on a young laboratory rat. 
The evidence derived from the studies reported here on the survival 
he ova of Toxocara canis in the soil during the summer months cor- 
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roborates the conclusions of Brown (1928), Caldwell and Caldwell 
(1928), and Otto (1929) that dessication is the greatest lethal factor 
to development and viability of ascarid ova under field conditions. An 
additional point brought out in the present studies is the fact that the 
surface-soil temperature in full sunlight may, during the hottest part 
of the summer, reach the absolute maximum temperature for ascarid 
ova (55.5° C.), as indicated by the records from both Kentucky and 
Minnesota. 


Relation of Various Physical Factors to Dessication of Ova 


The question of the relative suitability of different soil types for 
development and survival of ascarid ova under field conditions and the 
relation this bears to incidence and distribution, has been given consid- 
erable attention by recent investigators. Brown (1927), working at 
Penonome, Panama, found that the ova of Ascaris lumbricoides in sand 
cultures exposed to full sunlight disintegrated before reaching the coiled 
embryo stage, whereas from 85 to go per cent of those in clay, loam, 
and humus soil cultures, under like conditions became embryonated. 
Otto (1929) reports that in.southwestern Virginia Ascaris ova exposed 
to sunlight in a mixture of cinders and loam were never more than 
3 per cent embryonated. In sand and loam soils, 36 and 38 per cent — 
and in clay a maximum of 73 per cent developed to the coiled embryo 
stage. Under shade conditions the maximum number found in the 
embryonated stage was about the same in all four types of soil, varying 
from 73 per cent in sand to 89 per cent in clay. Ina laboratory experi- 
ment in which he passed air of different relative humidities over soil 
cultures of sand, loam, clay, and humus which had been previously oven 
dried, it was found that ova in sand and humus in air of 70 to 75 per 
cent relative humidity developed to the coiled embryo stage, but in air 
of from 40 to 50 per cent relative humidity, the ova disintegrated in all 
the soils before becoming embryonated. In the same experiment he 
used air saturated with moisture and found no difference in the number 
becoming embryonated in the different types of soil. At the end of the 
experiment, it was found that the sand had taken up less moisture in 
saturated air than the other soils did in air either 40 to 50 per cent 
saturated or 70 to 75 per cent saturated. Altho the sand contained less 
moisture by weight in air of 70 to 75 per cent relative humidity than 
the other soils did at a relative humidity of 40 to 50 per cent, ova became 
embryonated in sand at 70 to 75 per cent relative humidity and disinte- 
grated in all the soil cultures at 4o to 50 per cent relative humidity. In — 
a previous test, he had shown that ova could become embryonated in 
air of from 70 to 75 per cent saturated with moisture. From these — 
data he states that “Under identical conditions of temperature and — 
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atmospheric moisture one soil apparently makes as good a cultural media 
-asanother. . . . It is at once evident that the relative soil mIOsSStse 
does not affect the suitability of these soils for culturing ascarid eggs.’ 

The results of the above experiment are what might have been ex- 
pected, but do not justify the interpretation placed upon them by Otto. 
A fundamental principle overlooked by the investigator is that the mois- 
ture content of the air and the soil moisture at the surface tend to reach 
a state of equilibrium. Evaporation of moisture from the soil and the 
removal of moisture from the air by the soil are processes resulting 
from this principle. It is very evident that the ova on the surface of 
_ the sand culture, in air of from 70 to 75 per cent relative humidity, 
__were not dependent upon soil moisture to prevent dessication. For in 

this test, the conditions were such that this state of equilibrium could he 
_ reached between the moisture content of the air among the soil particles 
on and near the surface and the air above the culture. The relative 
_ suitability of different soils as culture media for ascarid ova, as shall 
_ be discussed later, is dependent upon the texture and composition of 
_ the soils, which in turn determines the rate of evaporation, under like 
_ conditions, moisture capacity, and like characteristics. 

In the present studies, ova in sand, clay, and humus soils exposed to 
full sunlight during the hottest part of the summer in both Kentucky 
-and Minnesota‘ disintegrated before developing to the coiled embryo 

Stage. It is not clear in these experiments whether it was a combina- 
_ tion of high temperature and lack of moisture or high temperature alone 
that killed the ova, as in both tests the surface soil temperature reached 
 131.9° F. (55.5° C.) before they were examined. Under part shade 
i conditions in Minnesota, a maximum of 18 per cent reached the coiled 
_ embryo stage in sand, as compared with 53.5 per cent in humus. After 
_ 14 days’ exposure under these conditions, only 5 per cent were left in 
_ the embryonated stage in sand in contrast to 30 per cent in humus. 
_ In this test the sand was observed to dry out more quickly than the 
humus, and likewise the temperature in the sand culture on three days 
_ during the first week of exposure was 5 degrees higher than in the 
at humus. In the shade cultures in Minnesota, where the temperature 
_ was the same in both cultures but remained relatively low, development 
was retarded. When these ova were last examined, 75 per cent in the 
_ humus soil were embryonated and 17.5 per cent disintegrated as com- 
pared with 45 per cent embryonated and 42.5 per cent dead in the sand. 
In cultures of sand, clay, and humus under full shade in Kentucky, 
_ the number becoming embryonated was approximately the same in each 
- soil type (85 to 90 per cent) and observations on ova in sand and clay 
cultures indicate that no disintegration occurred with 42 ee exposure 
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The explanation for the higher disintegration of ova in sand as con- 
trasted with humus soil under both part shade and complete shade in 
Minnesota is to be found in the nature of the soil in which they were 
exposed and other physical forces present during the period of exposure. 
The rate of evaporation of moisture from the soil is regulated by tem- 
perature, relative humidity, wind velocity,:and size of soil particles, 
which determines the water-binding capacity, compactness, ete. The 
free water in the soil (hygroscopic not included) available for organ- 
isms is determined by the chemical nature of the soil and size of soil 
particles. Humus soils ordinarily contain more available moisture for 
organisms than do clay, sand, and others. Under field conditions, apart 
from very exceptional cases, evaporation from sand is more rapid than 
from clay and humus soils. As the soil becomes dry, the temperature 
rises, which in turn increases evaporation, if humidity conditions permit. 
In the cultures under part shade, when the soil temperature ranged from 
100 to 119° F., evaporation was rapid. However, the rate of evapora- 
tion was greater from the sand than from the humus because of the 
larger air spaces between the sand particles, which permit better aeration 
at the surface. In complete shade the physical conditions were the 
same except for the lower surface-soil temperature, which was never 
more than 84.2° F. Here the rate of evaporation was slower and the 
disintegration of ova less than in part shade, but higher in sand than 
in humus soil. How then can the lack of disintegration of ova in 
sand and clay soils after 42 days’ exposure in the shade in western Ken- 
tucky be explained? The answer to this question is that the physical 
factors involved in the shade experiment in Kentucky were not the 
same as in a similar test in Minnesota. A striking difference is the 
greater average wind velocity in Minnesota which would increase the 
rate of evaporation in cultures that were otherwise subjected to the 
same conditions. From this discussion it is obvious that the death of 
ascarid ova from dessication under field conditions is the result of the 
combined effect of a series of interdependent physical factors, of which 
soil type is one of the most important. 

The results of laboratory tests on culturing the ova of Toxocara — 
cams in air of different relative humidities indicate that they are rela- 
tively resistant to dessication. The data obtained in these tests suggest 
three important points which have bearing on the development and sur- 
vival of the ova of this species under field conditions: (1) The water 
content of an egg at the time it is discharged does not have to be main- 
tained during the developmental period. (2) The loss of water by 
evaporation up to a certain amount has no apparent harmful effects, but) 
beyond this point ova die rapidly. (3) Ova are retarded in develop- : 
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ment by loss of water, but unless they die of dessication, they continue 
_ development when given moisture. The slow rate of evaporation com- 
bined. with this faculty of remaining alive when partly dessicated prob- 
ably accounts for field observations that ova remain viable in apparently 
dry soil for many days. If this interpretation is correct, the amount of 
_ water lost through evaporation and the chances of coming in contact 
_ with available soil moisture are determined by the nature of the soil 
_ and the other physical factors during the period of exposure. It follows, 
then, that the ratio between loss and gain of water by ova is determined 
__ by the behavior of a natural physical system which varies in its effects 
_ as any one of the physical factors involved varies. 


‘ ; SUMMARY AND CONCLUSIONS 


The ova of Toxocara canis survived the winter months under weather 
' conditions during the season of 1927 and 1928 in the region of Minne- 
-apolis, Minnesota. 
Observations during two consecutive winter seasons indicate that the 

__ surface-soil temperature did not go low enough to kill the ova of this 
a species, altho air temperature was as low as —24° F. (—31.11° C.). 
qi The great contrast between air temperature and soil temperature 
7 during the winter season is accounted for by the abundance of snow, 
_ which acts as a blanket and keeps the surface soil relatively warm. 
Fur farmers can not rely upon having the soil temperature of animal 
pens in which snow is allowed to acccumulate, go low enough to kill 
the ova of this roundworm. 
‘ Surface-soil temperature of 131.9 degrees F. (55.5° C.) were ob- 
tained in Kentucky and Minnesota on plots which had no protection 
_ from the sun. In cultures under these conditions, ova disintegrated 
4 Pere reaching the infective stage. 
_ Disintegration of ova was greater in sand than in humus soil both 
in part shade and complete shade during the summer in Minnesota. 
_ __In Kentucky no apparent disintegration occurred in clay and sand 
soil with 42 days’ exposure in complete shade during the latter part of 
July and the month of August. 
Laboratory tests indicate that, at a temperature of from 27° to 
_ 30° C., a relative humidity of 75 per cent is the lowest in which the 
_ ova of this species will complete development. 

_ -It.is not probable that ascarid ova can utilize atmospheric moisture 
_ before it is precipitated. Thus, retardation of development in air which 
is less than saturated with moisture is caused by loss of water from 
he ova. When this loss of water is great enough, death from dessica- 
tion results. 
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Disintegration of ova in the soil from dessication is the result of the 
combined effects of a series of interdependent physical factors of which 
soil type can not be excluded. 


PRACTICAL APPLICATION 


Recommendations in regard to the reduction of soil infections of 
ascarid worms, based upon the data given in this report, can only be of 
a prophylactic nature. It is true here as in any such measure, that the 
efficiency of the method is determined by how rigidly one adheres to it. 
Laboratory tests show that the ova of Toxocara canis do not undergo 
development at a temperature under 50° F. Thus, if animal pens are 
cleaned of all excrement in the late fall, animals are relatively safe 
from new infections during the winter months, because ova deposited 
within this period do not develop until the temperature rises the follow- 
ing spring. This practice of thoroly cleaning pens of the remains of 
broken down animal stools in the late fall, or removing animals at this 
time to pens which are known not to have infective ova on the floors, 
should greatly reduce new infections during the winter season. It is 
true, however, that all ova can not be eliminated from pens that have 
dirt floors by removing the remains of excrement, as many eggs become 
mixed with the surface soil. If snow is removed from the pens during 
the winter months instead of being allowed to accumulate as is the usual 
practice, there is a very good chance that ova on the floors will be killed 
by the extremely low temperatures of our northern states. Laboratory 
tests indicate that the ova of this species are killed at —25° F. The 
data in this report clearly demonstrate that this temperature will not 
be attained on the floors of animal pens if they are covered with snow. 

An effective recommendation for the reduction of new infections 
during the summer, and perhaps for a complete sterilization of the soil 
of all ova near the surface, is to provide sufficient sunlight in animal 
pens during the summer months. Observations on the longevity of the 
ova of Toxocara canis on the surface of the soil, when exposed to differ- 
ent amounts of sunlight during the summer months, support the validity 
of this recommendation. It is a general practice among breeders to 
have pens in the shade. This provides ideal conditions for almost all 
the ova to develop to the infective stage, and to remain viable for long — 
periods. The present status of these studies indicates that the provision — 
for full sunlight in animal pens during the summer months is one of 
the most effective means of destroying ascarid ova that are present. — 
This applies to pens that have wood floors as well as to those in which — 
‘the soil serves as a floor. a 
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MINNESOTA AGRICULTURAL INDEXES OF 
PRICES, QUANTITIES, AND CASH 
INCOMES, 1910-1927 


ALBERT G. Biacx! and DorotHea D. KITTREDGE 


SUMMARY 


An agricultural price index series is needed which includes only the 
products sold by Minnesota farmers and excludes such products as cot- 
ton, cottonseed, tobacco, and fruits. The inclusion of such products as 
specified invalidates, for use in Minnesota, the price index of the United 
States Department of Agriculture. 

Monthly and yearly price indexes, therefore, have been constructed, 
in which price changes from 1910 to date, of the sixteen principal agri- 


_ cultural products of Minnesota—wheat, corn, oats, barley, rye, flax, 


hay, potatoes, hogs, cattle, calves, lambs-sheep, chickens, eggs, butter- 
fat, and milk—-have been measured from average prices in the corre- 
sponding period of 1924-25-26. The annual indexes are based on an 


_ average for the years of this period and the monthly indexes on an 


« 


average of the corrésponding months in the years 1924-25-26. <A for- 
mula of the type known as Fisher’s “ideal’’ has been used in the con- 
struction of the index. This provides for a weighting of price changes 
by a combination of the quantities sold in both the current month and 
the corrésponding month of the base period, which approaches more 


- closely the conditions of economic reality than weighting by quantities 


of either base or current period alone. Constant “normal” weights of 
p g 


_ any kind are objectionable, especially in agriculture, where, because of 
_ shifts in production, bumper crops, and crop failures, current market- 
igs are likely to vary widely from those represented by a base period 


normal. Under these circumstances, constant normal weights cause 


erroneous weighting of prices. Neither does a constant monthly per- 


io 


: 


4 


: 


centage of the crop sold furnish a reliable weighting for prices within 
a year. . 
The Minnesota farm price index for 1911 showed the lowest aver- 


age for the period from 1910 to 1927. A pronounced rise occurred 
during 1916, 1917, 1918, and 1919. The 1919 yearly index was the 


highest of the series. The maximum point for any monthly index was 


reached in April, 1920, and was followed by a sharp decline, the low 


B point of which was reached in December, 1921. After a period of low 


prices in 1922, 1923, and the early part of 1924, the index rose to a 
somewhat higher level, which was maintained generally until the decline 


1 Resigned August 1, 1920. 


4 MINNESOTA TECHNICAL BULLETIN 72 


in the latter months of 1927. Price indexes for groups of products— 
livestock, crops, and dairy and poultry—have been constructed for 
months and years by the same methods as those used for the price 
index of the entire sixteen commodities. An-examination of these three 
major groups suggests somewhat different characteristics of price be- 
havior both among the groups themselves and between periods of rising 
and falling prices. 

In order to ascertain the changes in volume of agricultural products 
marketed by Minnesota farmers, an index series of quantities also has 
been constructed. The methods used in the construction of the quantity 
index have been identical with, or analagous to, those used in making 
the price index. The index of quantities sold revealed a surprising 
trend in production. The index was lowest in 1911. From i911 to the 
beginning of 1919 the trend was generally upward, except for slight 
recessions in 1914, 1916, and the early part of 1917. The quantity 
of marketings declined in 1919 and 1920, but that period was followed 
by four years in which a decided upward trend was evident. The high 
point was reached in October, 1924, after which time there was a grad- 
ual downward trend in the quantity index to the end of 1927. The 
general upward trend in farm marketings for the period as a whole 
represents conditions in Minnesota probably not duplicated in many 
other sections of the country. Much of the increase resulted from an 
increase in livestock, livestock products, and corn. The products which 
constituted the bulk of farm production in the early part of the period 
have either decreased or increased slightly. Not many states have ex- 
perienced such rapid changes in types of commodities produced as have 
taken place in Minnesota. 

An index series of gross cash income for Minnesota has also been 
constructed. When formulas of the type of Fisher’s “ideal” are em- 
ployed for the price and quantity indexes, i.e., formulas which meet 
the factor reversal test, the product of the two indexes will result in 
the index of gross cash income. 

The construction of these three series indicates that the quantity of 
farm production in Minnesota has been exerting a greater effect upon 


farm incomes than has been recognized. Particularly was this true in , 


the period 1921 to 1924, when the index of gross farm income rose be- 
cause of a combination of a low price index and a steadily increasing 
quantity index. 


The total amount in dollars received from the sales of the sixteen _ 


principal farm products may be considered as the gross cash income, 
if it is kept in mind that only sixteen major products are included, and 
that on account of insufficient data several quantities have had to be 


estimated by a variety of methods. The percentages contributed to the — 


oe 


gross annual income by individual products show that wheat as a pre- — 
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dominant source of cash income in the earlier years of the period has 
been replaced by butterfat and hogs in the later years. 


INTRODUCTION 


Need for an Index of Minnesota Farm Prices 


Until the Minnesota farm price index series was prepared, the only 
measure of agricultural prices available for use in analyzing local price 
situations was that constructed for the United States as a whole by 
the Bureau of Agricultural Economics of the United States Depart- 
ment of Agriculture. The inadequacy of such an index to represent 
the agricultural price level of Minnesota lies chiefly in the fact that it 
includes price changes of cotton and cottonseed as a relatively important 
item, and those of tobacco and citrus fruits as less important. In the 
months when the price of cotton moved in the opposite direction from 
the price of the majority of other agricultural products, this index was 
especially unreliable as an indicator of the Minnesota farm price level. 


Figure 1 shows the price indexes for the United States as a whole, 


cotton and cottonseed, and the approximate index of Minnesota farm 
products, for the period 1922-27. The Minnesota figures used in this 


_ graph have been adjusted as far as possible with respect to base period 


and formula to conform to those of the Bureau of Agricultural Eco- 
nomics, and differ to that extent from the regular Minnesota series, 
which appears later in this bulletin. The graph shows clearly that the 
index of the United States Department of Agriculture for all groups 


of agricultural commodities was too high to represent the Minnesota 


price level for practically all the months from 1922 to 1925, and that 
from 1926 to the fall of 1927 the United States index was consistently 


- below the Minnesota price level. A number of factors may have oper- 


ated to bring this about, but the trend of prices of cotton and cotton- 


seed, as shown on the graph, seems sufficient in itself to account for the 


differences. The index for the United States as a whole must include, 


of necessity, the prices of cotton and cottonseed, but when situations 


such as those from 1922 to 1927 prevail, error and possible injustice 


: result in assuming that the Minnesota agricultural price level is repre- 
sented by the price index of all groups of agricultural products pro- 


duced in the United States. The only practical remedy is for each state 
and possibly for certain sub-divisions of a state to have individual price 


indexes. Such indexes can then include only the prices of the agri- 
cultural commodities actuaily grown in the area, in the degree of im- 
portance which the marketings of each product warrant. The price 
index for the whole state of Minnesota does not represent.the price 
‘ situation of all sections as satisfactorily as would be possible if the state 


were divided into five or six geographical sub-divisions and separate 
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price indexes were constructed for each district—a project which is now 
under way. 
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Fig. 1. Price Indexes of All Groups of Agricultural Commodi- 
ties in the United States, Cotton and Cottonseed, and 
Minnesota Farm Products, 1922-1927 

The indexes for all groups, and cotton and cottonseed, are 
prepared by the United States Bureau of Agricultural Economics 
on a base of August, 1909 to July, 1914. The Minnesota ‘index 
shown on this graph has been reduced to a simple aggregative 
type of index, and expressed on a base of 1910-1914, in order 
to make the comparison more nearly accurate. Several technical 
differences still remain in the construction of these indexes, so 
that the comparison is intended to be only approximate. 


METHOD OF CONSTRUCTION OF THE PRICE INDEX 
Products Included 


The Minnesota price index represents price changes in the sixteen 
principal agricultural products marketed by the farmers of the state: 
wheat, corn, oats, barley, rye, flax, hay, potatoes, hogs, cattle, calves, 
lambs-sheep, chickens, eggs, butterfat, and milk. Indexes for the indi- 
vidual months as well as for each year have been computed for the 
period from January 1910 to date. 


Period Chosen as Base 


The annual price indexes for Minnesota have been measured from 
the average prices of these sixteen products in the years 1924-25-26. 
For the monthly indexes an average of the corresponding months of 
the years 1924-25-26 has been taken as a base. For example, an aver- 
age of the prices in the three Januarys of these years serves as a base | 
from which the price changes of other Januarys are measured, The — 
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same method of measurement applies to all other months. The measure- 
ment of price changes of any month in relation to the average price of 
the corresponding months of the base period provides for an elimination 
of seasonal fluctuations. Altho this does not insure a perfect elimina- 
tion of seasonal fluctuations in the index number, it removes such fluc- 
tuations as were experienced in the years 1924-25-26. Furthermore, 
seasonal variations are eliminated from the index only so far as the 
fluctuations of these years were confined to season alone (i.e., did not 
include secular trend or irregular fluctuations of importance), and the 
elimination is valid only if the seasonal variations of these years were 
of a “normal” character. The seasonal elimination provided for in the 
index number, as based on corresponding months of 1924-25-26, has 
been analyzed carefully in order that a comparison may be made from 
time to time between it and the current series of prices to ascertain 
_whether such an elimination of season continues to be warranted. 

A broadened base of three years has been selected because agricul- 
tural production is somewhat subject to variation beyond the control of 
those engaged in the industry, and conditions in a single year may not 
be truly representative. A price index of agricultural products based 
upon an average of a period of years is a safer guide than one based 
upon a single year, particularly when the index is prepared for a single 
state. Local crop conditions may affect state production whereas con- 
ditions for the entire nation may be normal. 

It seemed desirable to choose a base in the post-war period. If a 
pre-war base had been selected the latest year not affected by war con- 
ditions was 1913. Since that date there has been a tremendous economic 
upheaval. Conditions of production, likewise, have been seriously dis- 
turbed. New financial institutions have been established. Methods of 
distribution have been affected in certain lines by the development of 
co-operative marketing. In short, the economic world of today is vastly 
different from that of 1913. It is extremely difficult to look backward 
from the present and obtain any clear-cut picture of conditions as they 
were fifteen years ago. Too many things have happened in the mean- 
while. Owing to the fact that we are living and producing under post- 

war conditions, it appeared logical to relegate the war and pre-war 

periods definitely to the past and select a base representative of present 
conditions.? 

A further consideration in selecting the base period was the fact 

_ that price and quantity data are much more satisfactory for recent years 


: 2 The selection of a recent base period conforms to the practice followed by other insti- 
tutions publishing index numbers. notably the Bureau of Labor Statistics, which has recently 
i shifted the base of its index number of wholesale prices from 1913 to 1926; the Federal Re- 
serve Board, which issues its new indexes of industrial production on a base of 1923-24-25; 
_ the National Bank of Commerce in New York, which uses 1923-24-25 as the base period for 
its wholesale price index. 
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than for the pre-war period. It was believed more advisable to adopt 
a base period for which data were accurate and easily available and to 
build back from this base into the period when data were less authentic 
and less plentiful, than to select a distant base and to build forward 
from it. The latter choice could not have produced reliable results. 


System of Weighting Used 


The prices entering into an index number must be weighted accord- 
ing to their importance, if the composite index is to represent adequately 
the existing price level. The only means of judging the importance of 
a price is by the amount of a commodity sold at that price. For the 
Minnesota index, a formula* has been employed which combines the 
weightings of the quantities sold in the base period with the quantities 
sold in the current period. This seems to be an especially desirable 
system of weighting for an index of agricultural prices. The alter- 
native of this method is a system of weighting prices by constant quan- 
tity weights, either by the average in some base period or some other 
concept of normal. In some fields of index number construction, where 
changes occur gradually, no error of consequence is introduced by this 
method. In the field of agriculture, however, where quantities marketed 
vary widely, even between two consecutive years, because of crop fail- 
ures, bumper crops, shifts in production, retarded or advanced seasons, 
and the like, constant weights throw an erroneous weighting upon prices 
in those periods when the actual marketings vary widely from the 
amounts represented in the “normal” or base period weightings. For 
example, if constant normal weights are used, a bumper crop which — 
results in a reduced price per unit can not be given the influence in the 
index number that its importance demands. The resulting price index 
will show a price reduction smaller than the actual decrease. Similarly, 
a crop failure causes the price index to reflect a rise in prices which 
is unwarranted. The high price when constant weights are used is 
weighted by a larger quantity than that actually sold. 

For illustrative purposes a case may be taken where there are only 
two commodity prices entering into the index number. The price of 
each in the base period is 50 cents per unit and the quantities marketed 
are 1,000 units. In the given period the price of commodity A increases 
to $1.00, the price of commodity B remaining the same. If constant 


/ ZC p1 dotem) ] Z[p1 ail 
ZL potem) do(em) | Z[potcem) qr] 


Pi = price in current month, 

qi = quantity marketed in current month. 

Po(em) = average price in corresponding months of 1924-25-26. 

Qo‘em) = average quantity marketed in corresponding months of 1924-25-26. 
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weights are used the price index will rise to 150.4 In the case of agri- 
cultural products whose demand is almost unchanged over a period, 
variations in price are caused largely by fluctuations of supply. There 
is a normal inverse relationship between price and amount sold.> In 
the case cited this normal inverse relationship is ignored because it is 
assumed that the same quantity of commodity A was exchanged when 
the price rose to $1.00 as when the price was 50 cents. Obviously this 
is an erroneous assumption because the price of commodity A could 
not have increased 100 per cent if the quantity sold had remained con- 
stant. Therefore, if the quantities of products actually sold in the cur- 
rent period are not given consideration in an index, the resulting average 
must be incorrect because some prices will exert more influence than 
they should and others less than they should. 
The change in wheat production in Minnesota offers a case in point. 
In 1913 the production was 68 million bushels and in 1926 it was 25 
million bushels. Clearly, wheat was not so important: in 1926 as in 
1913. To weight its price by constant weights taken, let us say, in 1913 
would give the wheat price an importance in the index for 1926 and 
others years of low production which it does not deserve. 
Moreover, a reliable weighting for prices within the year is not fur- 
nished by a constant monthly “normal” percentage of the crop sold. 
In the case of potatoes, for example, different years show different 
_ tendencies on the part of farmers in marketing their crops. By Janu- 
_ ary I, 1917, the growers of Minnesota potatoes had sold 38 per cent of 
_ their crop, and on January 1 of the following year, only 20 per cent. 
_ The monthly marketings of many agricultural products vary from year 
to year with the experience and circumstances of the previous season, 
the size of the crop, the current price, the price expected later in the 
year, and the judgment of farmers in general. Retarded and advanced 
seasons also cause variations in the monthly quantities sold in different 
_ years. E 
: If the investigation of price fluctuations centers around mere price 
changes, without regard to the importance of the prices involved, there 
; can be no objection to the use of constant weighting, or, for that matter, 
i equal weighting. But if the object is to prepare an index which is to 
take account of the importance of the specific prices making up the 
_ price level, constant weighting does not serve the purpose. The econo- 
_ mists who object to the introduction of current quantities into a price 
_ index number probably would not object to a quantity weighting which 
was an average of the quantity marketed in the base period and that 
marketed in the given period. Some highly desirable index numbers 


4Computed from aggregative type of formula with base period weights. 
5 Russell C. Engberg, Industrial Prosperity and the Farmer. Appendix B., p. 279 ff. 
®U.S.D.A. Yearbook 1922, p. 674. ‘ 


10 MINNESOTA TECHNICAL BULLETIN 72 


have such a weighting.” The weighting embodied in the formula 
adopted for the Minnesota index is in essence a geometric mean of 
the base and given period quantities and is almost the same as the 
arithmetic mean of the two. This system of weighting takes account 
of decided changes in quantity between the base period and the current 
period, and thus gives a more accurate picture of the real changes in 
the price level than is possible when constant weights are used. 

Furthermore, the Minnesota price index meets both the time re- 
versal and the factor reversal tests that have been proposed by Prof. 
Irving Fisher® as the criterion of index number accuracy. The total 
value criterion® proposed by Prof. Fisher does not need to, be applied to 
the Minnesota index, as this index is not based on a sample of prices 
and quantities but embraces, as nearly as data are available, the total 
commodity marketings of the farmers of Minnesota. 

The principal objection to the use of a formula with the system of 
weighting used in the Minnesota index number is the difficulty and 
additional labor of securing current quantities for the weights. With- 
out doubt, the work of compiling a price index is increased materially 
when the quantities sold in each current month are incorporated. It is 
a difficult but not impossible task, especially in recent years when data 
are recorded more completely than formerly. Moreover, when an index 
of income is also a consideration, as it was in Minnesota, quantities 
marketed currently are absolutely essential, and thus these additional 
data are available for weights in a price index if desired. There is, 
however, an unavoidable delay in securing these current quantities. 
Prices may be secured promptly but the quantity sold at the price will 
not be available until later, so that a final index of price by this formula 
can not be computed for some time after the close of the current month. 
It will be observed, however, that the first half of the Minnesota for- 
mula is an aggregative type with base period weights.*° This can be 
computed currently and used as a preliminary index until the quantities 
necessary for the construction of the final index, are available. In ap- 
proximately 80 per cent of the 216 months of the period from 1910 to 
1927, these two indexes differed from one another by not more than 
three points—within a range from —1.5 to +1.5. In other months 
these indexes showed differences as large as +7 and —4, and a com- 
bination of unusual circumstances might result in still greater differ- 
ences between the preliminary and final indexes. Notwithstanding these | 
cases, no more satisfactory preliminary measure that can be issued cur- 
rently has been found. 

7 For example, Formula 2153, Fisher’s Making of Index Numbers, p. 484. \ 

8Irving Fisher, The Making of Index Numbers, Chapter IV. 

®Trving Fisher, Journal of American Statistical Association, January, 1928. 
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II 


PRICE INDEX SERIES FOR ALL COMMODITIES 
COMBINED 


The index series of Minnesota farm prices, by months and years, 


is shown in the first column of Table 1. 


The index series in columns 


two and three are discussed in later sections of the bulletin. The 
monthly price indexes appear on the graph of Figure 2. 
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Fig. 2. 
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Price Indexes of Minnesota Farm Products by Months, 1910-1927 


(Average of corresponding months of 1924-25-26—=100) 


Table 1 
Monthly and Yearly Indexes of (1) Prices and (2) Quantities Sold of Minne- 

sota Farm Products, and (3) Gross Cash Incomes of 
Minnesota Farmers, 1910-1927 
(Average of corresponding months of 1924-25-26=100.) 


Price Quantity 

1910 
MAVCTALE ce cucie@ 97567, 58.0 
| January. ...... 75.1 59.5 
February ..... 75.5 61.7 
March 2.0.3. 78.6 59.4 
BOTT sf avcievcrs 79.6 48.7 
“L2G @ “cucs crNORE 73.2 53-4 
PEUVENT tel riisio nace ess 75.0 ey 
Saat rete sis 3 his 73.4 51.4 
PAMRUSt wee ees 76.0 61.1 
September 80.7 65.2 
October ...... 77.6 59.3 
November 73.2 57-9 
December 68.9 59.1 

YOQII 
DPARSVETAZE™ isi. os 69.5 54.8 
WPAUUATY: jie sis ols 70.3 56.5 
MebwuUary «016 70.1 49.5 
March . 65.8 54.4 
BAST. x ciciaveisie's = HOSEY. (strep 
MEAN cols acs oie 2 6 sf LOA40) 59.7 
NINE. “sive cs oe 62.8 60.6 
Aittyins ss «is Fave ees -O9kAi 56.3 
Pepangust 2... 6. zee 46.7 
Beseptember =... 77.7 54.4 
sOctober > ...... bee 53-9 
November 72.2 61.6 
69.7 54.4 


( December .... 


Gross 
cash 
income 


43.9 
44.7 
46.6 
40.7 
38.8 
39.1 
40.3 
37-7 
46.4 
53-3 
46.0 
42.4 
40.7 


38.1 
39-7 
34-7 
35.8 
33-6 
38.2 
38.1 
35-7 


~ 33-7 


42.2 
40.5 
44.5 
37-9 


Price 
1912 
Average ...... 70.9 
January “ess 76.1 
Pebruarys........ 76.3 
Marchi an eects 8 oy 
ADU atecietuns 81.8 
May. Whee recat 80.1 
June? ivGniencms 74.5 
Mtl ye coh cytah ans 699 
ISBEUIST a. erate 67.8 
September 67.3 
October..." i. % 64.5 
November 65.1 
December 63.9 
1913 
AVEFASe jon ctes 70.1 
Janwarys saves 66.4 
February ..... 69.9. 
PAC es wget 71.0 
Apri liet. apie. cers 75 2 
Way ayaa vcs oi 73.0 
UNE reek eee 
Wilyn ecw ctete sa 70.2 
AUgUSt an... 68.9 
September .... 71.2 
October ...... 68.6 
November 69.3 
December .... 68.6 


Quantity 


60.6 
52.9 
55.0 
55-4 
48.9 
54.2 
52.9 
46.9 
60.9 
65.5 
72.6 
78.8 
73.6 


68.8 
66.7 
64.1 
66.2 
58.9 
61.4 
65.0 
57-4 
65.9 
85.5 
74-2 
77-1 
73-5 


Gross 
cash 
income 


43.0 
40.0 
42.0 
43-3 
40.0 
Bs 
39.4 
32.8 
41.3 
44.1 
46.8 
51.3 
47.0 


48.2 
44.3 
44.8 
47.0 
44.3 
44.8 
46.6 
40.3 
45-4 
60.9 
50.9 
53-4 
50.4 
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Table 1—Continued 


Gross Gross 
Price Quantity cash Price Quantity cash 
income income 
1914 rg18 
Average ...... 73-5 66.4 48.8 Average ...... 146.9 81.1 119.2 
Jantar y sowie 72.1 68.9 49.7 Vantagy. ieee 149.2 69.4 103.6 
February ..... 73-6 68.6 50.4 February ..... 153-2 68.3 104.6 
March ovssd dete 71.9 69.5 50.0 March” ..20-c5 147.9 75.8 112.1 
Apel Sica ee 72.3 61.0 44.1 Tis | Aenean eee 145.4 70.4 102.3 
Mayon: cb sa6 73-5 61.6 45-3 IMiaiiy” VerscetSmeiiageteee 144.0 77.3 111.3 
PUNE bite cae i ieped 62.9 45-4 June erst ees 139.9 74.9 104.8 
DS Salis o.oo eons 72.5 58.9 42.7 Lye ones chemi 139.3 63.7 88.7 
POUR USE ces: d) evar 74.3 61.6 45.8 Aaigtst staan se 141.4 94.3 133-3 
September .... 79.2 71.5 56.6 September 154.7 94.1 145.5 
October o05 3 2 73-4 69.2 50.8 October) 2.302% 148.7 95.0 141.3 
November .... 73.9 69.9 51.0 November 147.1 80.8 118.8 
December .... 72.4 67.7 49.0 December 147.7 95.5 141.0 
1915 1919 
Average ...... 74.0 71.9 53.2 Average ...... 155.9 74.2 115.7 
Wamnttary sna 78.2 72.4 56.6 January te 153.6 68.9 105.8 
February ..... 79.3 62.9 49.9 February ..... 144.6 70.7 102.3 
Maroy 63:23 a fy 59.6 45.1 Martel: viascaas 150.1 83.1 124.7 
(Apriis Nee eas 78.1 575 44.9 April sites 166.8 78.2 130.4 
VEY See cnctsits overs 80.7 68.9 55.6 Mai incieicasterss 168.8 84.4 142.4 
MEE oct IAM, are ge 77.0 63.4 48.8 June “2.5 aaa: 159.7 82.2 131.3 
thy: icacpetstcicton 74.3 61.4 45.6 SU eee cee arty 162.1 77-1 124.9 
AUIGUSE # urs ore 72.5 Sine 37-1 Avigust sie sect. 159.8 75.0 119.9 
September .... 71.2 71.2 50.7 September 158.7 70.1 111.2 
October 20.53% 68.6 83.5 57-3 October =i... 25 153.7 . 69.0 106.1 
November .... 70.4 100.3 70.6 November 150.2 69.3 104.1 
December ...., 70.2 98.1 68.9 December 148.3 68.3 101.3 
~ 1916 1920 
Average ...... 89.9 67.0 60.2 Average ...... 144.9 69.2 100.3 
Nanddaty - oatects 78.1 67.5 52.7 Varuary, eer 160.4 72.5 116.3 
February ..... 83.8 76.7 64.3 February ..... 163.5 66.5 108.7 
Mianchya-rtetetieve 85.8 77.9 66.8 MATCH nc caw 164.4 68.1 III.9 
DA TaD Ilia seats cists 88.5 71.2 63.0 Apr tier ety, ccs cnstahe 173.4 64.0 110.9 
Myr sane ores 86.3 77.4 66.8 IN Ey cee ees alc 169.3 74.7 126.5 
Fe eae glee 83.6 7K 62.8 JURE” Silane co este 155.0 75.9 1a whe | 
WSALVEY coteletiets bre 81.4 74.6 60.7 ALY be>  eneceoteeneas 146.3 72.5 106.0 
August - . 6.60 87.3 54.2 47.3 AURUSt «eka 145.2 62.3 90.4 
September .... 99.4 57.6 yes] September 143.6 68.2 98.0 
October” 4.6.60. 100.3 58.9 59.1 October ...... 128.1 72.6 93.0 
November 101.5 69.5 70.5 November 112.9 74.3 83.9 
December .... 96.9 56.4 54.7 December .... 99.4 60.0 59.6 
1917 1921 
Average ...... 133.8 60.9 81.5 Average ...... 82.3 73.6 60.6 
January ....... 107.3 50.0 53-7 aauary eee cee 95-9 72.8 69.8 
February ..... 120.8 47-4 57-2 February ..... 92.2 68.5 63.2 
Manchinerestetae 126.7 55.0 69.7 March ....... 91.8 69.0 63.3 
APTI cipieleinie, ots 140.0 56.9 79-7 iN psileseis aeons 87.5 65.1 57.0 
Day sorarsterstelsteiere 137.4 60.3 82.8 Many Wane anes 78.0 80.8 63.0 
APES ore Rorecyric ee 131.0 56.2 73.6 Jititie eas ace oe 73-4 92.1 67.6 
hulyaerra cic 124.0 48.1 59.6 Teale bes aie seetece 80.0 74.0 59.2 
AMRUSE Tc. 20 135.1 59.5 80.4 August .-..... 85.8 82.8 71.0 
September 144.0 67.4 97.1 September .... 83.9 73.5 61.7 
October |. 5s. 144.9 74.3 107.6 October® aus: 78.6 79.8 62.7 
November .... 139.0 81.1 112.7 November .... 72.4 68.6 49.7 
December 141.2 62.6 88.4 December .... 70.5 61.6 


43.4. 
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Table 1—Continued 


Gross Gross 
Price Quantity cash ~ Price Quantity cash 
income income 

1922 1925 
Average ...... 81.6 83.1 67.8 Average ...... 104.3 100.2 104.5 
WSRUAL yeas aes 75.0 74.1 55.6 MALAY A lelers 0 101.6 110.1 TIl.g 
February ..... 86.8 74.5 64.7 February .... 99.5 97.0 96.5 
Eee i ee 85.3 77-4 66.1 Mian GHi wea !e hs, <« 105.0 96.4 101.2 
PADENE ole iis cin as 88.1 70.6 62.2 Apr Saige raves 105.9 98.4 104.2 
ee 90.1 94.3 85.1 May, Mogsrenmuase 106.1 98.7 104.7 
Wieilecte tery re s1c.0 6 87.9 96.4 84.7 MAREN mic ieens 1s, « 108.1 101.0 109.2 
LOGS @iny Bane 84.4 87.4 73.8 Maal cealarsis cass 107.3 94.9 101.8 
PRISE: i dees 75.4 87.1 65.7 Axigust 5.3... 104.5 113.3 118.4 
September .:.. 74.3 81.2 60.4 September .... 102.7 104.8 107.6 
October ........ 75.2 80.9 60.9 October sean. 103.6 89.2 92.4 
November 79.4 85.1 67.6 November .... 105.1 95.8 100.7 
December 82.5 88.8 73-3 December .... 104.0 103.2 107.3 

1923 1926 
Average ...... 83.6 90.7 75.8 Average ...... 107.6 97-7 105.1 
January ...... 87.8 103.9 91.2 hatinaryescieic «5 112.6 97-9 110.2 
February ..... 87.5 82.7 72.4 February ..... 115.2 97.1 111.9 
INEARCH Wis:c ef.'s%6 85.1 90.0 76.6 Match ¢ ccc IIl.g 106.2 118.3 
1 Cg) ene 90.0 86.2 77.6 WALD Vc; aisyecthe's 112.4 103.9 116.8 
DEB foi shave’ 0% 89.0 92.4 82.2 MEN a Mc o ecm 110.1 105.9 116.6 
UNO vice see a» 82.2 90.9 74.7 Taney es a aes 109.5 103.5 xy 
MGs. oss alee cs 79.7 85.8 68.4 AY ALY: yeah deniers, we 107.4 104.4 112.1 
UAIPUSES ws 81.0 94.1 76.3 ANUPUSE Ohare bid 100.5 91.8 92.3 
September .... 85.4 91.9 78.5 September .... 102.8 85.1 87.5 
Mctober 22.06% 79-7 87.6 69.8 October or fics 103.5 93-2 96.5 
November 79.6 94.0 74.9 November .... 104.4 95.9 100.1 
December 78.3 87.5 68.5 December .... 104.3 93-3 97.3 

1924 1927 
Average ...... 88.7 101.9 90.4 (Awerage >. <:.<%' 103.0 93.9 96.7 
MAMAN: “si. nie a= 85.5 90.9 Hy Pre January os... 112.4 94.0 105.7 
Pebruary ..... 88.2 103.7 91.5 February ..... 113.4 90.9 103.1 
May Che faic.a 6's v2 84.0 95.8 80.5 March, “ixnniees 108.9 93-9 102.3 
PAGER A oce'is alse = 82.4 96.1 79.2 AD anntare she 110.4 94.4 104.2 
OLE SOP SiG race 84.3 94.1 79:3 Matyn Fetrousc.3 nim 109.0 104.4 113.8 
PBS oe aie dowcasee 84.2 93.0 78.3 litte acteurs: 3.6 99.8 103.3 103.1 
PERG lens inies ove: 84.8 100.6 85.3 PY ete wernt 97.8 94.0 91.9 
PRUE Oi cs vine 95.2 93-9 89.4 AGist nates 99.9 87.7 87.6 
September .... 93.6 111.9 104.8 September .... 99.5 94.3 93.8 
October, ....... 93.0 119.8 111.4 October 9s... 98.1 94.5 92.7 
November 91.9 107.8 99.0 November .... 96.3 94.5 g1.0 
December 92.3 103.6 95.6 December .... 95.0 84.3 80.1 


| This price index series shows that Minnesota farm prices were low- 
est during 1911. There was a gradual increase up to 1915. The years 
1916, 1917, and 1918 were marked by sharp increases in prices. Prices 


during 1919 averaged the highest for any year in the series. 


They 


continued to increase during the early months of 1920, reached the peak 
in April, and fell sharply during the remainder of the year. The de- 
cline continued throughout 1921, the low point being reached in Decem- 


= 


ber, when the index was 70.5. Prices continued low during 1922, and 
altho there was some recovery from the December rg21 figure, the 


average of 1922 was slightly below that of 1921. The year 1923 wit- 
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 nessed a slight recovery, which became more evident during 1924 and 
continued through 1925 and a part of 1926.. The index during the 
latter part of 1926 was below that of the corresponding months of 1925. 
Prices for the first half of 1927 were above the base period normal, 
but from June to October they declined to a point close to normal and 
in November and December dropped below. 

The price index will be continued and made available monthly in 
the current publications of the Division of Agricultural Economies. 


PRICE INDEXES FOR THREE MAJOR GROUPS OF 
PRODUCTS 


A price index of the sixteen principal agricultural products of Min- 
nesota embraces a field of considerable diversification. The index for 
all these products taken together may obscure the fluctuations in price 
movements which existed in the separate groups of products. Price 
indexes have, therefore, been made for the three major groups of Min- 
nesota products, namely, livestock, dairy and poultry products, and 
crops. ‘The livestock group includes prices of hogs, cattle, calves, lambs- 
sheep; the dairy and poultry group includes butterfat, milk, eggs, and 
chickens; the crops group includes the remainder of the sixteen prod- 
ucts—wheat, corn, oats, barley, rye, flax, hay, and potatoes. The 
method of constructing the price indexes of these separate groups was 
the same as that used for the composite index of all products. An 
average of the corresponding months of 1924-25-26 has been used as 
the base for the monthly indexes, and the averages of the period 1924- 
25-26 for the annual indexes. The monthly and yearly indexes of these 
three groups are given in Table 2. 

The monthly indexes are shown in Figure 3. The index of the 
crops group appears noticeably above the other groups in 1911-12, 
1915, and again in the latter part of 1916, when it started the rapid 
rise to an index of 190.5 in May, 1917. Following this, for a period 
of almost two years, the index had a downward trend, doubtless owing 
to some extent to governmental control of prices. In March, 1919, the 
index started on a renewed upward ‘climb which continued until the 
extremely high point of 242.9 was reached in April, 1920. The price 
index for the livestock group was somewhat above the other groups in 
1913 and 1914. Near the close of 1916 this index followed the rise 
of the crops group, but rose less sharply and experienced less setback 
in 1918 than the crops group. The high point of the livestock index 
was reached in July, 1919, when the index stood at 185.6. Compari- 


sons of price movements of the livestock group with the other groups 
are affected to some extent by the existence of hog and beef cattle 


cycles. The dairy and poultry index also began to rise in 1916, rose 
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more slowly than either of the others, and continued, with a very 
gradual upward trend, to its high point of 165.3 in May, 1920. 

The behavior of these group indexes during the period of rising 
prices is in striking contrast with their behavior during the period of 
falling prices, 1919-20-21. The livestock price index which reached 
the second highest peak was the first to take a decided drop and by the 
latter part of 1921, approximately 27 months after the fall began, had 
reached a point slightly lower than either of the other groups. The 
crops index fell after April, 1920 and by December, 1921 it had fallen 
almost as low as the low point of the livestock index. The period of 
fall was shorter in the crops index than in livestock by seven or eight 
months so that this group which had experienced the most spectacular 
rise, in turn experienced the sharpest decline. The dairy and poultry 
index, which was last to rise and rose least, was the last to fall (by a 
margin of one month) and as a whole fell considerably less than the 
other two groups. Moreover, the fall in this index was completed in a 
period of approximately one year. For the latter part of 1922, and 


for 1923 and the first half of 1924, the dairy and poultry index main- 


tained a position conspicuously above the indexes of the other two 


groups. 
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Fig. 3. Price Indexes of Livestock, Dairy and Poultry Products, and Crops by 
= Months, 1910-1927 
(Average of corresponding months of 1924-25-26—=100) 


QUANTITY INDEX FOR ALL COMMODITIES MARKETED 


Altho the agricultural price index is a subject of considerable inter- 
est, from a practical standpoint a question often arises as to the volume 
of products marketed concurrently with a changing price level. When 


_ prices are high, is the assumption justified that quantities as a whole 


6 at Na fet) | 
ie 
i S: 


are necessarily small, and when prices are low, the quantities large, as 
is frequently the case with a single commodity? To answer such ques- 
tions, the price index of agricultural products needs to be supplemented 
by a quantity index of the agricultural products marketed. Such an 


_ index has been computed for Minnesota farm products by methods 
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Table 2- 


Monthly and Yearly Price Indexes of Livestock Products, Dairy and Poultry 
Products, and Crops, for Minnesota, 1910-1927 


(Average of corresponding months of 1924-25-26=100.) 


Live- Dairy Live- Dairy 

stock poultry Crops stock poultry Crops 
1910 IQI4 
Average «...... 76.9 68.6 79.1 Average ..... 81.8 68.3 71.4 
Vanuary secs 84.0 70.1 71.4 Jaruary “c-sess 87.5 70.5 62.0 
February ..... 83.2 67.6 74.4 February ..... 91.5 66.4 65.6 
March’. i:10 2% 87.8 74.9 73-9 March \ 3. mica. 83.2 66.7 67.2 
OLLIE say atueveraia 91.3 75-3 72.1 April y accnee 86.3 63.0 67.8 
INT Yd fone say's eo 82.3 65.8 73-3 Maire scr aman 85.8 64.8 70.6 
NE Wea attics 81.7 69.8 75.6 June tavern 80.4 67.3 70.3 
Wiaslys severe: eraseteh 75e2 67.8 78.8 July screens 87.1 68.6 64.6 
AS IBt: sit ne 66.0 68.6 83.3 August of. mk 83.2 92.5 71.8 
September .... 65.8 69.8 88.2 September .... 82.0 73.6 80.3 
Ostober: ... 2.6 66.4 66.4 85.2 October? 52-1 75.5 71.0 73-1 
November .... 68.2 65.8 79.9 November .... 74.3 72.7 74.1 
December .... 69.8 60.3 73-2 December) -s.0nay are 66.4 76.0 
IQII 1915 
Average ...... 62.2 60.5 81.0 Average ...... 73-7 69.0 78.1 
Naniitary. amt. 78.8 57.0 71.2 January ...... 80.4 72.4 79.6 
February ..... 74.4 58.6 74.4 February ..... 76.7 71.9 87.1 
March: °., 295-5 65.5. 55-5 73.9 March wesc oes 72.3 68.5 86.5 
Aprile tena. 63.1 56.7 78.8 April Serene ie 74-7 73-5 90.9 
MW ary fener acto biars 58.1 57.0 81.1 MEAN? Se ete clalbiacice 77.7 72:5 99.3 
bl fie Co eS Aeon: en 56.2 56.9 77.3 PUNE sce ote 75.8 68.6 94.2 
Walyartee tsp cers B73 60.0 “74.8 Malye Bayete ct 75.1 66.0 87.3 
August ...... 60.3 62.0 84.5 AUpusty Sein. 70.8 63-5 79.8 
September .... 58.2 63.3 89.2 September .... 72.2 64.7 73.2 
October ...... 55.6 65.5 87.2 October ...:.. 74.7 65.2 67.0 
November .... 57.5 69.3 84.2 November .... 69.6 73.9 eee! 
December .... 58.5 69.1 80.8 December .... 66.5 67.9 75.1 
1912 1916 
Average ...... 70.2 71.8 71.6 Average ...... 89.2 78.3 99.4 
Jandary wess 6s 66.9 80.8 81.9 Janwary: oc gakns. 77.8 71.0 83-3 
February ..... 67.3 72.2 86.9 February ..... 85.3 76.8 87.1 
Mar eh® yess esi 61.8 79.7 93-5 Mic cheprprecters 90.4 81.6 85.3 
BADE then. phases pains TO 103.1 Aprile Vets dieind« 91.9 84.9 88.9 
Miciye uit sisctavarne 71.5 74.4 103.3 Oey eects cts 91.9 78.5 90.4 
WME ae ayer sine 70.7 67.2 93-1 hl bbe ma eescunierrie 92.2 75.1 86.2 
ORY, \Riataaern cts 68.9 65.9 79.4 Vealiyemerecsroe tors 90.9 YEO) 82.9 
isust so ok, 69.2 65.3 69.1 Angst: one 89.9 76.0 94.6 
eptetuber ara e719) 70.7 65.1 September .... 91.7 81.3 110.9 
October ...... 73.0 68.6 60.3 OctoberPeineae « 85.6 79.5 117.8 
November .... 74.0 71.5 57-7 November .... 90.5 84.5 122.4 
December .... 75.0 70.3 53-7 December 5... 94:2 80.4 115.0 
1913 I917 
Average ...... 80.6 72.6 62.3 Average ...... 136.6 I0I.9 155-7 
Manvary siya s 81.2 72.7 52.5 January oo... s.3 108.8 87.9 127.7 
Rebruary. *\-. +: 84.0 77.6 55.2 Hebruary, 12% 3: 121.4 100.0 140.0 
Match si sicek 83.6 80.9 55-1 Marchi! icine a 126.6 98.4 155.2 
VAN tall asety. crosavevaca 87.6 80.4 57.0 DEI 2 rato petand ae 143.1 111.4 177.2 
OVE eee clk jaty tas 82.5 72.2 62.4 May ittetieacns 141.5 107.7 190.5 
WT eerste ale 81.1 69.2 66.0 WAC Teter tetote tare 141.2 102.1 175.1 
July ecw s 81.2 66.0 64.0 Jraly?s sy checarie xs 134.2 99.5 166.5 
Avarust ts ooh; 78.5 67.5 66.3 Ast USty cee iecein’s 132.6 102.5 158.5 
September .... 77.2 Fi5eL 68.7 September ... 139.7 108.1 158.3 
October, o.../5. 76.6 69.0 65.3 October ea.-oe: 150.4 103.8 154.4 
November .... 77.4 V2.2 63.2 November .... 142.1 99.3 152.3 


December’ 2. 2. 7.659 70.2 62.2 December)... 155.3 100.0 152.2 
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Table 2—Continued 
Live- Dairy Live- Dairy 
stock poultry Crops stock poultry Crops 

1918 1922 

Average ...... 157.0 117.9 156.7 Average ...... 83.5 86.6 81.3 
wangary. ....%. 166.0 112.0 154.8 January oo. sss 75.5 82.4 68.9 
February ..... 162.6 115.4 170.2 February ..... 94.4 83.9 80.8 
Pebesrtttht sc. pcx. vine 151.6 105.1 176.3 March. tates se 90.0 82.5 83.2 
20 i ree 160.1 109.9 168.1 POT H Wi tateta gate chad 89.4 85.2 90.6 
iE ee eee 163.5 112.3 164.5 May? 2) eu ics oes 92.2 86.5 93.6 
UTS Ca 156.1 113.6 160.4 WHGE Ginigin eye ena 92.6 85.0 84.9 
ale ete sis, a ps 157.5 113.5 157.5 ACT ee eee 86.8 85.4 78.5 
PARISH Oo iss a 156.6 115.2 149.1 AMEASES 2 ois ns 78.4 82.1 69.1 
September 157.6 132.4 160.4 September .... 76.0 86.6 68.7 
October? 3.05.5 149.2 129.8 153.0 October ...... 77.2 89.2 69.1 
November 152.4 133.1 148.3 November 75.4 95.6 74.8 
December 157.9 133.3 146.0 December 78.1 97.9 77.5 
1919 1923 

Avetage ...... 160.5 138.5 164.7 AVETAPE™ cas sci 73-7 100.4 79.1 
MavWARy ~ vaacs 179.5 133.2 138.3 Jan iarye es 87.9 105.6 74.8 
February ..... 173-4 115.6 130.3 February ..... 85.3 102.1 77.4 
AWATORY 52-2) s.-.5 167.9 137.8 141.7 Marche ie aacras 76.8 105.0 76.2 
JMS a a ee 182.4 153.3 160.6 Borst’ «due rent 78.9 108.3 81.3 
DM ae nyelsieos #8 184.7 150.5 173-4 MSY Fn Screuise ony 76.4 97.2 88.5 
AMG? ve eins 63's es 178.5 133.0 175.5 Fume). see ee 67.7 93.6 84.6 
CTS ORM a Saeene 185.6 Gag, 175.2 Weal yg eiectetatenets 68.5 89.9 78.9 
LNCS) 170.3 135.8 169.6 AUgUst jcus).2 70.1 97.2 75.8 
September 138.4 141.1 173.7 September 78.3 103.1 81.3 
Mctoher- "i. 2.2%. 125.2 147.1 172.9 October? arr... =: 67.2 102.8 79.2 
November 130.4 143.6 175.8 November 65.7 105.6 80.3 
December 132.2 138.7 175.7 December 64.4 101.2 79-4 
1920 1924 

Average ..... - 128.7 142.8 163.0 Average ...... 77.3 95-9 94.2 
anwary” T..s . 152.8 138.4 183.9 MPANUATY . lolela inc 75.8 110.1 78.2 
February ..... 149.1 145.5 196.1 February ..... 73.4 113.2 83.5 
March ic c's 3.05 137.2 150.2 215.2 NEC 1 Reeneicen 69.5 103.2 82.6 
za(iable ooh’ Sere 139.4 164.5 242.9 ADIT econ sere 72.5 92.5 84.2 
Bice cers te 138.3 165.3 238.5 May iiGaxcniticcs 73.6 93-1 87.9 
NT Olise acm aes. 133.2 I41.0 212.7 MIE taareentareares 69.3 91.0 89.3 
MN Virp siti e ace os 130.6 138.0 178.5 Diath yore crests wteherec 68.9 93-9 96.7 
TAGISH | ecocs ss 124.6 138.1 163.9 August ....... 85.3 94.9 1009 
September 123.8 141.5 153.6 September 83.6 94.3 96.6 
October 2.5... 120.7 136.1 129.8 October "scsi. s 86.3 86.8 97.8 
November 109.4 129.6 107.7 November 86.4 87.9 98.9 
December 92.1 119.3 92.8 December 83.0 89.9 107.9 
1921 ad 1925 

AVeELage «6... 77.0 90.0 80.8 Average ...... 107.8 101.7 103.0 
Warnary i... otra 106.6 88.1 NAaANGATY sicher 102.3 gI.0 108.4 
February ..... 93.0 98.2 86.5 February ....: 102.3 87.5 107.2 
March! oristev. svc: 93.1 100.1 82.9 Marchwo"...siece. TI5.5 95.2 102.2 
TANS NY as ae ae 81.2 100.2 77.9 Atprtll= iy cencters.c 115.6 102.5 92.7 
Davie mace: sais acre 81.3 75.4 77.3 Maye tasikacoee 109.6 103.8 104.1 
FONE 6 pw see te 71.4 Chet, 78.6 FONE? Suiemcaesn 107.5 105.4 115.0 
BIRD a ne lSte, ayeiesece 76.8 83.7 78.1 MUL yt masarcte-sickatore 114.9 103.5 103.2 
Atugust™: 0.0... 78.7 95-3 80.7 August: ..i.... 110.9 105.3 101.4 
September 66.4 94.7 86.4 September 104.4 104.8 101.3 
October ....5+ 60.5 91.8 84.4 October ...... 104.3 109.4 100.9 
November .... 61.3 92.5 72.8 November 103.8 106.4 105.7 
December 64.5 86.7 64.2 December 107.1 104.6 99.2 
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Table 2—Continued 


Live- Dairy Live- Dairy 

stock poultry Crops stock poultry Crops 
1926 1927 
Average ...... 114.6 102.6 104.4 Average: s.con. 103-3 107.4 98.0 
Wandary excises 123.5 100.5 108.8 January. “ates = 123.0 109.3 98.3 
February ..... 126.7 99.1 117.9 February ..... 121.9 110.3 105-4 
March: "2: ssiers 114.7 100.4 121.1 Marcel - 4 ie iaien inte 109.7 "304.1 
PUP oe fein vata 41359 104.8 124.7 April oc ass nie II0.1 114.4 102.0 
MEANT os cayate, ete 116.7 103.7 110.9 “May Bie oie evateralel 102.4 rs Os 113.0 
Watters wikce clos 122.4 104.8 95.6 DC Tae A ari 90.6 103.2 111.3 
WRU scx 3 hatte 118.4 100.6 99.2 ihe oak AA rc 89.7 103.6 101.4 
ATI USE ©. violets 104.2 99.2 99.4 AISUSE? OE ote 94.2 101.1 102.8 
September .... 108.2 103.9 99.7 September .... 97.8 104.9 98.0 
Metober  Ssicts ee 107.0 103.6 101.4 October ...... 103.4 106.3 9Q1.2 
November .... 107.9 105.4 99.2 November .... 98.4 106.2 85.5 


December .... 110.3 105.3 91.6 December .... 92.6 105.0 88.0 


similar to those used in computing the price index.11 The result is an 
index which shows changes in the quantities of products sold by Min- 
nesota farmers, measured from a base period of 1924-25-26 for the 
yearly indexes, and from an average of the marketings of each corre- 
sponding month of 1924-25-26 for the monthly indexes. A quantity 
index of 94.5 for October, 1927, shows that the quantity marketed in 
this month was 5.5 per cent less than the average of the three Octobers 
in 1924-25-26.- The seasonal fluctuations in marketing which prevailed 
in the period 1924-25-26 are thus eliminated from the quantity index 
in the same manner and subject to the same limitations as in the price 
index. 

The quantity index is not an index of changes in agricultural pro- 
duction but of the amounts of agricultural products sold by farmers. 
The data of amounts sold are difficult to obtain by months for all prod- 
ucts, and the methods employed in arriving at the approximate figures 
are explained in full in a later section of this bulletin. These quantities, 
however, are necessary as weights in the formula selected for the price 
index (and the index of gross income) so that no additional data need 
be gathered for the computation of the quantity index. 

The quantity index as computed to show changes in the marketings 
of Minnesota farm products by months and years is shown in the second 
column of Table 1. The monthly quantity indexes are shown graphi- 
cally in Figure 4. 

Be 


‘Sin poem) | Siar ad. 
Z[docem)  Ppotem)] Zl qocem) pil 


41 = quantity marketed in current month. 

Pi = price in current month. 

o(em) = average quantity marketed in corresponding months of 1924-25-26. 
Po(em) = average price in corresponding months of 1924-25-26. 
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This index of quantity of products sold discloses a surprising trend 

‘in production. The quantities sold during 1911 were the lowest for 
any year of the period. Thereafter there was a rather steady rise in 

marketings with slight recessions in 1914, 1916, and the early part of 

1917. The quantity of marketings increased sharply in 1918, declined 

in 1919 and 1920, and then increased steadily to a high point of 119.8 

in October, 1924. From that time to the end of 1927 there has been 

a gradual decline in the quantity index. For the period as a whole 

there has been a decided upward trend in physical volume of production 

as indicated by farm marketings. 
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Fig. 4. Quantity Indexes of Minnesota Farm Products Marketed by Months, 1910-1927 
- (Average of corresponding months of 1924-25-26—100) 


The increase that represents Minnesota conditions is probably not 
representative of the entire country. Much of the increase has been 
due to the increase of livestock, livestock products, and corn. Absolute 
decreases or only slight increases in production have existed in several 
of the products which made up the bulk of farm production during the 
early part of the period under consideration. Probably not many states 
have experienced the rapid changes which have taken place in Minne- 
‘sota in the types of commodities produced. Hence the Minnesota quan- 
_ tity index reflects conditions which may not be duplicated in many other 
_ sections of the country. 


INDEX OF GROSS CASH INCOME 


The index of gross cash income of the Minnesota farmers is only a 
short step beyond the computation of price and quantity indexes. When 
a type of formula has been selected for the calculation of these two 

indexes which conforms to the factor reversal test, the index of gross 
cash income is the product of the price index by the quantity index 
for the same period. The index of gross cash income by months and 
: years 1s shown in the third column of Table 1, and is equivalent to a 
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product of the figures in the first and second columns. The monthly 
indexes of gross cash income are shown in Figure 5. 

Gross cash incomes for Minnesota were lowest in 1911. A steady 
rise followed until 1916 and a sharp rise during 1917 and 1918. The 
peak was reached in September, 1918 when the index of gross cash in- 
come was 145.5. In May, 191g the index rose again to a point almost 
as high, 142.4. The decline in income during the latter part of 1919 
appears to have been influenced by the lower average quantity of farm 
marketings during that period. There was a continued reduction of 
income in 1920 and a further decline in 1921, when the average gross 
cash income reached the level of 1916. There was an improvement in 
1922 to 1924, when a low price index prevailed with an increasing quan- 
tity index. A general rise continued until 1926, but during 1927 the 
index of gross income was consistently lower than in 1926. 
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Fig. 5. Indexes of Gross Cash Income of Minnesota Farmers by Months, 1910-1927 
(Average of corresponding months of 1924-25-26—=100) 


Heretofore the importance of quantity sales as a determinant of 
farm incomes probably has been underemphasized. The foregoing in- 
dexes of prices and quantities show that, at least for Minnesota, the 
quantity of production has been exerting a marked effect upon farm 
incomes. 


GROSS CASH INCOME IN DOLLARS 


The gross cash income of the farmers of Minnesota has thus far. 
been expressed only in terms of index numbers which unquestionably 
furnish the most satisfactory method of representing the general trend | 
of income. The actual work of making this series of index numbers, 
however, involved specific prices and definite quantities, and as a result 
the gross farm income from the sales of the sixteen commodities in- — 
cluded in the index was computed in actual dollars. Fewer commodities 
than sixteen could have been used for the index and approximately-the — 
same trend of price level would have resulted, but as nearly all of © 
the major products were included, the actual amounts in dollars ae 
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of interest as a gross cash income figure for the state, provided their 
limitations are kept in mind. A further discussion of these limitations 
will be given, but in general they are two: First, only the sixteen major 
products are included and, second, insufficient data have necessitated 
that a number of the quantities be estimated by a variety of methods. 

In calculating the total income of an industry necessarily many items 
must be estimated. In calculating cash income the number of estimated 
items is reduced. This is particularly true of the cash income from 
agriculture. Total income is made up of the cash sales of products to- 
gether with the estimated value of the products used directly by the 
farm. This latter group constitutes a significant proportion of the total 
income and because the basis for the valuation of these items is un- 
certain and in most cases the quantities of the products used are not 
known, the calculated total income would probably involve a larger 
error than would a cash income grounded on more satisfactory basic 
information. 

Altho calculation of cash income involves fewer estimates than total 
income, a considerable number still remain to be made. Probably no 
data purporting to show the exact marketings and value of cash income 
by sources represent complete enumerations. They are estimates, but, 
as there are ordinarily several ways in which such estimates can be 
checked for gross errors, they closely approximate the actual condition. 
Estimates of production and sales can, for example, be compared with 
railroad shipments, with receipts at markets, with raw materials pur- 
chased by manufacturers, or with the output of industries. Material 
errors in the original estimate will thus be revealed through the incon- 
sistencies arising from comparison with these or other indexes of sales. 

The principal sources of data from which the cash income of farm- 


ers must be calculated are the publications of the United States Bureau 


of the Census and the United States Department of Agriculture. Many 
years of experience in making estimates and developing the technic 
of estimation make the data from these sources reasonably reliable. 
The census data are derived from actual enumeration but practically all 
of the final figures are estimates based upon enumeration, and compara- 
tively few figures represent the mere summation of the original data. 
Inconsistencies in the raw data are adjusted so that only figures in 


_ which obvious discrepancies have been eliminated, are finally published. 
_ The census data probably err by being too low. The failure of enu- 


_merators to interview every producer or to ask all questions, together 


(i ee 


with the reticence of the people being interviewed, tend to give a down- 
ward bias to the raw census data. 

The United States Department of Agriculture has developed an 
elaborate system of obtaining information. Its crop estimators become 
continually more efficient and when their reports are consolidated and 
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analyzed by the expert estimators in the central department the final 
results without doubt are as accurate as if based on enumeration. Its 
prices of products, time of marketing, and similar data are not available 
elsewhere and furnish the only source of many items essential to the 
calculation of farm income. 

By supplementing these two principal sources with data secured 
from reports of bureaus of markets, state food commissions, trade pub- 
lications, reports of manufacturers, receipts at markets, and railway 
statistics, sufficient material may be collected to prepare reliable esti- 
mates of cash incomes. The data of. minor products such as wool, 
truck crops, fruits, honey and wax, and of more important commodities, 
such as dairy products, poultry and eggs, and hay, are particularly un- 
satisfactory. Inaccuracies in the figures, or even entire omission of 
the first group for which the data are especially poor, introduce little 
error, because the total value of those commodities is small in compari- 
son with other sources of cash income. The latter group is important 
and without doubt the most painstaking estimate of farm income will 
be somewhat inaccurate because of the poor basic data. For whole 
milk, poultry, and eggs there are no well established central markets 
through which the bulk of the production flows as in the case of other 
farm products. Milk is generally sold locally. There is no way of 
obtaining accurate data of the amount produced and sold. An estimate 
can be made, but the assumptions necessary to such an estimate may be 


so arbitrary that the estimate itself is open to serious question. The . 


census estimates of milk sold are probably quite unsatisfactory. Few 
farmers can give the enumerator little more than a guess as to the 
amount of whole milk sold in a year. The time of taking the census 
probably causes these estimates of the farmers to have a downward 
bias. In the winter or early spring, milk production is low and the 
producer is inclined to base his estimate of the annual production upon 
the current production. A similar situation exists with respect to poul- 
try and eggs. Farmers do not keep accurate records of sales of these 
products. They are sold in small amounts and often are consumed 
locally. There is no way in which sales of such products can be checked 
properly against receipts in central markets. The data on hay-—pro- 
duction, sales, and prices—are also unsatisfactory. Altho records of 
shipments to market are ordinarily available, the amount sold locally be- 
tween farms is unobtainable. Hay is a product that is poorly classified 
by grade, hence it is difficult to apply price data in such a way as to 
represent properly the total value of the crop sold. 

These observations apply particularly to the problem of the calcula- 


tion of an estimate of the income of the whole agricultural industry. | . 
Where the problem is restricted to the estimation of the income for a © 


4 
4 
$ 
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state, all of the above difficulties are effective, and, in addition, many 
others which are brought into existence by the attempt to divide the 
data of the industry by state lines. 

The census and department of agriculture estimates are prepared by 
states, but such estimates are not as easily checked for accuracy by 
reference to supplementary data as are the totals for the country. The 
receipts at markets are not readily classified by points of origin. Manu- 
facturers do not report the sources of their raw material. Railroad 
shipments by states are not generally available. The data of raw ma- 
terial and products used by factories or received at markets within the 
state are of some assistance, but adjustment must be made for the quan- 
tity obtained from farmers outside the state boundaries. Likewise 
correction must be made for the amounts of products sold by farmers 
in markets outside of the state. Often these necessary adjustments 
must be made without adequate evidence upon which to base them. 
Because of these additional sources of error it is probable that the divi- 
sion of total income by states is less accurate than the estimate of in- 
come from agriculture as a whole. 

In general, however, price, production, and sales data are reason- 
ably satisfactory. Particularly is this true of the various grain and 
livestock crops, where such errors as may exist in the data of one crop 
are compensated largely by errors in another crop. The errors in the 
gross sales of the agricultural industry are not serious, considering even 
those possibilities for error which have been noted. 

The quantities and prices of the sixteen major products, which are 
given in a later section of the bulletin, furnish the basis for the esti- 


mated gross cash income of the farmers of Minnesota, as shown in 


Table 3. The quantity of each commodity sold in a month has been 


_ multiplied by the price in that month, and the sum of the sales of the 


a ea eee eee eee 


sixteen products has been taken as the approximate gross cash income 
for the month. 
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A diagram showing the comparison of total annual cash incomes is 
presented in Figure 6, where the annual amounts are represented by 
the height of the bars. After 1911 the gross income increased gradually 
until 1917. In 1917 and 1918 the increase was marked. A slight de- 
cline came in 1919, a further decline in 1920, and in 1921 it struck the 
lowest figure in the post-war period. In 1922 it began to rise again 
and the rise continued through 1926, altho the increase of 1926 over 
1925 was slight. The total income for 1927 was noticeably less than 
that for 1926. Computations which have been made for 1928 indicate 
that the gross cash income will show an increase of only about a mil- 
lion dollars over the total for 1927. 
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Fig. 6. Gross Cash Income of Minnesota Farmers, 1910-1927 


The amounts which each of the sixteen products contributed to the 
annual gross receipts are shown in Table 4, and a comparison of the 
relative importance of the various products in the gross income for each 
year can be had by an examination of Table 5 which shows the per- 
centage which the cash receipts from each crop formed of the gross 
cash income for the calendar year. 

The facts of Table 5 are more clearly brought out in the series of 
bar diagrams for the years 1910 to 1927, shown in Figure 7. Wheat 
constituted the largest single percentage of the yearly receipts for each 
year from 1910 to 1918, inclusive, after which hogs took first position 
in the years 1919, 1920, 1922, 1925, and 1926, and butterfat in 1921, 
1923, 1924, and 1927. Wheat dropped as low as fourth position in the 
years 1922, 1923, 1926, and 1927 when its contributions to the cash in- 
come were 9.3, 7.5, 8.9, and 5.9 per cent, respectively. 

Other interesting facts in the make-up of each year’s gross income 
and changes from year to year may be noted from the graphs. ‘ The 
decided predominance of a single crop in the earlier years, such as ap- 
proximately 35 per cent of the 1910 income from wheat, has been re- . 
placed largely by contributions to the year’s income of two or three 
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crops in almost equal measure, as hogs and wheat in 1919 with 21.5 
and 20.6 per cent respectively, hogs and butterfat in 1926 with 28.4 and 
21.9 per cent respectively, and butterfat and hogs in 1927 with 27.2 
and 26.0 per cent respectively. 


Table 5 


Percentage of Annual Gross Cash Income of the Farmers of Minnesota from 
the Sales of Principal Crops, 1910-1927 


Ig1I0 IQII 1912 1913 1914 1915 1916 1917 1918 


POC AE oy atetereye.s xsciste Mayers 34.9 30.2 26.5 25.6 23.9 26.8 20.5 aah 29.4 
AORSOTI As laters cieieinls isaac 6 4.8 4.5 3:4 5.3 a 3-7 1.8 3.5 4.8 
(UI 0S) SS Cee a 5.6 Buz, . 4.9 6.7 5.4 6.3 5.9 3-7 5:9 
PUAN decent alla vieja cess tia. = 4-7 7.6 5-9 4-3 4.3 4.6 4.9 he 3:3 
ROU AS MM Siete ct si ctcve tate yeas 1.4 2.4 1.8 75 2.0 2.4 2.4 2.6 24 
RRR Pesci awa ieilcin, @ 4.1 3.5 3.0 2.6 2.1 2.0 2.2 Ks 1.9 
PA al Maisie vers ei aia)o sya oie. 9) 1.2 EZ 1.3 1.0 1.2 433 1.3 1.1 1.0 
POT ATIOH Esp) isis occa cjs'e 3.2 5.3 5.2 37 4.1 2.9 4.6 4.7 2.9 
ET sales ide) 3aK0 12.1 11.9 12.9 15.8 15.8 14.0 19.4 17.4 18.1 
DERE eo" 5-9 1 dey 8.3 8.4 10.1 ies 13.3 12.8 11.5 
WAbveSty scents mashaerers 0.8 0.7 0.8 0.8 1.0 1.0 ie 1.2 Ga 
Lambs-Sheep........ 0.5 0.5 0.6 0.4 0.6 0.4 0.4 0.4 0.4 
RIGKCN Sa econ wae nei i.2 1.4 1.7 t.3 1.3 ki2 Te r.2 TLE 
MERRY Veh ais isieie evel duce! ohe..e, S:3 3.2 35 Bed 3-3 251i Z.2 a 2.8 
GELLAR cclaceisis.s.c.3.8) s0 13.8 14.1 17.4 16.8 15.0 14.3 Toor 12.9 EI.2 
LIE SP eg Nee 6. Bee 2.6 2.9 2.7 2.6 2.5 2.6 2.6 2.2 

ASE ema y ciche: <)aes) < 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 


1919 1920 1921 1922 1923 1924 1925 1026 1927 


LS 20.6 14.5 11.7 9.3 7.5 10.2 10.6 8.9 5-9 
MDOT aietsstates ties. co: 4.5 6.2 6.2 5.9 6.0 6.8 4.4 3-3 2.0 
U5 Ah ee 3.6 4.8 3.6 3-7 4-7 7.5 5.7 2.8 22 
Sig VS US oe ene 4.3 Oe} 1.4 1.4 1.5 2.1 2.2 1.4 1.9 
MN ememe tarts scl ae evs 5.0 2.4 3.2 87 4.0 3.4 3.7 1.6 0.9 1.4 
LESS ps ee oe a7 2.3 25 2.2 4.0 4.2 4.8 3.8 3-7 
SY SOMME arate lata siti «jess 1.4 2.0 2.1 1.9 1.8 15, 1.4 1.2 iS 
PGtaHOESe sci ie ve 6c o.0's 4.9 6.2 7.4 4.6 Wy) 3.0 a7 5.7 BY 
MUGS ane sioyatisel'syai@ sisic:s 21.5 19.4 19.8 24.8 22.1 20.4 25.4 28.4 26.0 
Neer letter eo ssa icisne oa’ 10.1 10.2 8.9 9.8 8.2 75 8.2 10.2 11.2 
DETER ME iee. te vieien ses.» 6 1.1 13 1.3 L.7, 1.6 1.4 ro 2.0 2.3 
Eambs-Sheep .. 350... ~ 0.6 0.6 0.7 0.8 0.6 0.6 0.7 1.0 I.I 
MGHICHEMS! | saelere\scia ake aot 1.2 1.6 2.1 Loy, 1.4 1.5 1.4 1.8 1.7 
BOC mmen repre ai pis.sicce 363 4.2 4-5 3.8 3.8 32 3-5 3.5 3.3 
RBAEeLtAt nial aioe cis ele 14.9 Lapp 20.7 21.2 25.8 23.3 27.6 4 21.9 27.2 
INI. 6 oReN ere eee weeere 2.9 3.1 3.8 gua 3-9 3.1 Zur 3.2 a5 


EGEAI MCN steal pickers cc's « 190.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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SOURCES OF PRICE AND QUANTITY DATA AND 
METHODS OF ESTIMATING AMOUNTS MARKETED 


The following section is a detailed account of the data used, the 
sources from which they were taken, and the methods used for estimat- 
ing the data in those instances in which they were inadequate for the 
purposes of the index series. 


Wheat 


The figures for the amount of wheat sold by the farmers of Min- 
nesota have been derived by taking the official estimates of the annual 
production in the state, made by the United States Department of 
Agriculture, and deducting from this the amount necessary to plant 
the acreage of the following season. A seed requirement of one and 
one-half bushels per acre has been assumed. There should be some 
further deduction because of the amount wasted or fed to livestock. 
The Food Research Institute has estimated the amount of wheat wasted 
and fed at four-tenths of a bushel per capita.1? On the basis of a 
population of 115,000,000 this would amount to 46,000,000 bushels for 
the entire United States, or approximately 6 per cent of a 750,000,000 
bushel crop. A deduction on this account would reduce the estimates 
probably not more than 5 per cent. Because, however, a considerable 
portion of the waste occurs elsewhere than on the farm, and the amount 
fed includes purchases for feed after the producer has sold it, it 
seems incorrect to deduct from the marketings of farmers the entire 
amount of the waste and feed, and there is no basis for determining 
what portion of such a deduction properly belongs to the period when 
the wheat is in the hands of the farmer, No deduction on this account 
has therefore been made. Another source of error in the estimates of 
the amounts sold lies in the failure to allow for difference in carry-over 
from one crop year to the next. The carry-over varies from year to 
year and is dependent chiefly upon the size and quality of the preceding 
crop, the price at which it might be sold, and the prospect for the new 
crop. Absence of adequate data prevents adjustments from being 
made. A greater error might easily be introduced by attempting to 
adjust marketings for variations in the size of the carry-over than by 
assuming that a constant carry-over exists, as has been done in this 
study. 

The production, amount necessary for planting in the following 
year, and total annual sales of wheat by the farmers of' Minnesota, esti- 
mated as above outlined, for the crop years from 1910 to 1927, are 
given in Table 6. 


12 Wheat Studies of the Food Research Institute, Vol. II, No. 7, June, 1926, p. 246. 
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Table 6 


Production of Wheat, Seed. Requirement, and Amount Sold by the Farmers 
of Minnesota, 1910-1927 


(Bushels) 
Crop year Seed 
(August to July) Producticn* requirement Amount sold{ 
PE MMS parece fee (sree c\w Yo in's c'u,e'e sree separ 5 64,000,000 6,525,000 57,475,000 
EMDR ERe SMO a Setiticia ee ides ahaha. <i p12 aos. 0.2 2b, oats 43,935,000 6,487,000 37,448,000 
Th DPS Ss he re NCeOIE CASIO RO ETRE NCI RRR 67,038,000 6,300,000 60,738,000 
CLO Eh Ver ont Jac USS 8 Cte DUC RoR 68,040,000 6,070,000 61,970,000 
Ure Ma tatotatet a SieiaidseLsiece:s) ae, 2's aiecaeia' els. © 42,975,000 6,240,000 36,735,000 
Pas eRe tee elelol sive isdate sis) <iepe¥ela:s win se 70,870,000 5,197,500 65,672,500 
MERE TEMES ct fayalic ys retel bitin: ciple /o.cus'a eh (ar, v.0v0. » 26,410,000 4,420,500 21,989,500 
ME Ree lage faGhietd ea Fn tip =i'00.0-o x 05 dle: 51,611,000 5,428,500 46,182,500 
2 Sih WS Be Oe eee 75,792,000 5,797,500 69,994,500 
ORES 9 IG etch hcl: CoE OCR a RCC Rea 35,731,000 4,501,500 31,229,500 
OD 2 SR AS ee 28,168,000 3,556,500 24,611,500 
AC ine) Oe ee Oe 22,938,000 2,983,500 19,954,500 
aera oa eRe oe LY o:facaico (a (cvajie-0r'a » ale © ves 27,276,000 2,760,000 24,516,000 
ie eee AMER Heheta lista elec sive. s eiasnvere onc. 0 ele 20,785,000 2,574,000 18,211,000 
RSs Ata Rt he intl aC ae ts! a73 6 o's is'ios a as, os 37,863,000 3,394,500 34,468,500 
I eA ofa ect oiay/el clip ?3\ <n asi s(sia ayaace aes 30,269,000 3,231,000 27,038,000 
SAEs ao MRE Na cfals uilape) s) sais. vs le\eieb aiereo'e's os 24,811,000 2,716,500 22,094,500 
REM EM eats aie laia gous a eis cis ces es ess 20,925,000 2,601,000 18,324,000 


*U. S. Dept. of Agr. Yearbooks. 
7 For calendar year totals, see Table 8. 


These annual amounts were sold ordinarily during the twelve 
months following the harvest, from August to July of the following 
year. Asa guide to the monthly sales of these amounts by the farmers, 
percentage distributions by months, based on total receipts at the Min- 
neapolis market during each twelve-month period from August to July, 
have been computed. These distributions were adopted rather than the 
estimated monthly percentage marketings published by the United 
- States Department of Agriculture, which constitute an average for the 
entire United States. Altho receipts on the Minneapolis market in- 
clude much wheat not raised in Minnesota, and altho some wheat raised 
in Minnesota is marketed elsewhere, the receipts at the Minneapolis 
market are doubtless a much better indicator of the monthly tendencies 
of Minnesota farmers to market their crops than a series for the United 
States as a whole. 

The percentage distribution by months from 1910 to 1927, based 
on the total receipts at Minneapolis for each crop year period from 
August to July, inclusive, are shown in Table 7. The percentages shown 
for January to July, 1910, are based on receipts for the twelve months 
from August, 1909, to July, 1910. 
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Table 7 


Monthly Percentage Marketings of Wheat, Based on Total Annual Receipts 
at Minneapolis for year August to July, 1910-1927* 


Month 1910 IQII 1912 1913 1914 1915 1916 1917 1918 


MANUAEY .o4ca cater ais 10.6 8.8 8.6 8.0 8.4 8.5 5.4 6.6 Pot 
Mebriary: Peewee eis ois 9.6 5.0 8.0 6.5 8.4 6.0 VOR | 5.3 4.3 
NEAT Ch aioe oc este 9.4 6.9 7.3 7.9 8.4 3.8 7.5 9.2 4.0 
AES Vo sieve (oqarace errr a iets 4.8 [- 4.2 5.0 5-4 aah 4.6 8.2 4.7 
Mave Nive <cmaye neveesinas 4.6 5-5 3-9 4.0 3.4 5.2 4.5 6.5 6.2 
HE Feta aie cists Seto 5.4 5-7 3.6 4.7 3-1 4.9 4.9 4.4 6.4 
NEU iene Seat Paria eins ear es 4.7 5-7 3.0 as 4.2 4.5 5.1 2.3) 3.2 
ARIS UISE VF ois cicieve hore eee 10.3 7.0 6.9 6.5 7.8 3.3 7.9 7.9 12.5 
September’ -.2,...0c0-0 9 14.3 14.6 10.8 15.7 18.6 11.6 13.2 14.1 15.7 
Octobere Cer Roynacaacet 12.8 14.5 14.2 12.9 15.9 14.1 13.6 17.8 17.9 
Noveriber” < y-cchescne os 8.9 13.5 14.0 11.9 10.6 14.7 13.6 15.0 7.9 
December ........... 11.0 11.8 14.7 11.7 II.t L758 9.2 9-5 £50 

Month 1919 1920 1921 1922 1923 1924 1925 1926 1927 
MANGAL Y=“ Sy cceierevs nisi asrs:s 25 8.4 7.6 7.0 II.0 5.3 8.7 7.0 5-9 
MEDEMALY, et silts arent 4.8 5:4 6.2 6.4 4.7 7.0 4.9 5.7 6.2 
DVRancl tr cceviccqters tes coteres 7.0 a3 6.2 6.3 7.7 7.0 5.4 me 6.1 
Areal Spat sta i svaga te a-alaces 4.6 4.7 6.2 4:3 Bey a3 3.0 4.4 4.4 
Mhaiyse tetera tet ayaie strani 4.2 5.1 5.5 5.0 3.8 4.6 3.2 4.0 5.4 
AIRS Perc tath eee colsicis Gripes 33 5.0 8.1 es 4.6 5.6 4.9 4.2 6.0 
ALY ccs tte mataesae es a5 72 6.7 5.4 3-7 Sot 5.2 7.5 5.6 
AMR USt Asem aaialae.e a soe 11.2 6.8 13.6 8.3 10.2 8.0 11.6 13-3 10.3 
September 2 ..).ca)0 snc 12.8 11.8 I5.1 14.7 15.3 18.9 18.0 17.4 21.5 
WICEO HED iy avail ta tacatenrey 15-1 13.8 16.3 12.3 13.7 17.4 10.6 13.9 17.1 
November ........... 9.9 T2:2 7.8 10.4 13.6 11.4 10,0 8.5 7.5 
December’ Fssc...0he 528 Edel 8.9 7.7 13.7 9-3 8:9 11.8 768 6.3 


* Computed from reports of the Minneapolis Chamber of Commerce and from an un- 
published manuscript by Hutzel Metzger. 


These percentage distributions for months were applied to the an- 
nual crop year amounts sold by Minnesota farmers (Table 6), to secure 
the actual amounts marketed in each month.1* For example, the wheat 
sold from the 1925-26 crop, 27,038,000 bushels, was estimated to have 
been marketed during the period August, 1925, to July, 1926, according 
to the percentage distribution shown for each month in this period— 
11.6 per cent in August and 18 per cent in September, 1925, and finally 
7-5 per cent in July, 1926. The amounts sold in the months from 


January to July, 1910, are percentages of the 1909-10 crop, the total of 
which is not shown. 


12 At the time the Minnesota index number was constructed, in the spring of 1927, the 
total receipts of the various, grains at Minneapolis for the year August, 1926, to July, 1927, 
were not available. Total marketings were, therefore, estimated on the basis of the receipts 
up to that time, and a preliminary percentage distribution computed on that basis for the 
months from August to December, 1926, in order that the approximate amounts sold could be 
determined for inclusion in the base period. The percentage distributions shown in the various 
tables for this period have been revised, but the difference was not sufficiently large to justify 
the work of changing the estimated number of bushels sold as used in the base period 
computations. 
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Sales of wheat computed by this method for each month in the 
period 1910-1927 are given in Table 8, which also shows the total for 
the calendar year. : 

The prices of wheat used in this study are the monthly farm prices 
for the 15th of the month reported by the United States a 
of Agriculture. These are shown in Table 9. 


Table 9 
Monthly Farm Prices for Wheat Received by Producers in Minnesota,* 
IQI0-1927 
(Fifteenth of the month) 
(Per bushel) 


Month TQIO IQII 1912 1913 1914 1915 1916 1917 1918 
ARMED Ge cotntalioe shines Ge $1.02 $0.94 $0.94 $0.74 $0.77 $1.16 $x.75 “$r-55 o2.04 
Pehrtary. vc ceive see 1.04 -gI 0.94 .78 0.80 1.27 1.14 1.60 2.04 
EATON oe sete Mic hus acne Rooks 1.04 86 0.96 -78 0.83 1.30 1.04 1.70 2.02 
Tay ot OS Se ES aie airs eee ee 1.02 .87 1.00 78 0.83 1.40 1.06 2.06 2.01 
ME aid ca stivercrsiess tas bys sioner 0.98 .88 1.04 .81 0.84 1.43 1.08 2.30 2.01 
RUEC UES. eos cir als Pee A 1.00 88 1.04 82 0.81 1.26 1.02 2.16 1.98 
SRY V oe cise sath. avois' aie Final 1.06 .88 0.98 81 0.81 1.20 1.06 220 2.00 
PASIBATS ER rea vaclatsin siscannce Bs 1.07 -90 0.90 - .80 0.93 I.12 1.27 2.20 2.04 
September .......-..%. 1.02 -94 0.82 -78 1.00 0.93. I.41 2.02 2.04 
DOCEODED Pet ican 0.98 .97 0.80 .76 0.98 0.86 1.52 2.02 2.06 
ING Ember Gisie'Ster cities 0.95 -95 0.76 -76 1.01 0.88 1.62 2.02 2.05 
December. fon ssa vie 0.94 0.93 0.73 0.76 1.03 0.99 1.56 2.04 2.05 

Month 1919 1920 1921 1922 1923 1924 1925 1926 1927 
aU ALY tate o Arenal sate re $2.06 $2.50 “$2.38 $1.02 $1.04. $0.99. 7 $i.55s Stesheeieco 
Bebrwary inp iaueie atone 2.06 2.38 1.36 1.18 1.04 1.00 1.64° 1.49 1.26 
OE eral iets hn, Secetaletermaehee 2.08 2.34 r32 1.28 1.06- 1.01 1.60 1.42 1.24 
April > ppt coer SAC ue 2.26 2.57 1.16 Iegt 1.07 0.98 1.34. 1.40 I.19 
Iiaiy se ihtsrcts ayeiava ice: spite 2.37 2.70 1.12 1,342 1.07 1.00 1.45 1.41 27 
SRMANGS “Sea lacavacsretelcia aias'o hie 2.30 2.59 1.18 25) 1.00 1.04 1.50 1.45 1.33 
ao ACS EE em a ont 2.33 2.40 1.13 1.15 0.92 1.15 1.40 1.49 ~~ IsQI 
AG SUSte SS eonieaies aes wane 2.23 1.08 1.02 0.94 1.22 r5n> 4 rsA6 1.29 
September une. see ee 2.10 2.14 1,10. 25 Of93.- 9 1200 1.11 1.38 1.26 1.19 
OCEObeR Ti raieltigeb.ale eine 2.19 1.95 1.08 0.94 1.02 ~=+1.28 1.29 1.28 a} 
INOvember © siieiev.. vtele ose 2.38 1.54 0.98 0.98 0.98 1.32 1.34 1.29 1,09 
PPOCEMIDEtae eee eile tae 2.49 1.34 0.96 1.04 0.97 1.43 1.51 1.27 1,10 


* Prices 1910-25, U.S. Dept. of Agr. Statistical Bull. 15. 
Prices 1926-27, current numbers of Crops and Markets. 


Corn 


The data include under this item only the amounts of corn which 
farmers sold for cash. To include the total crop at current market 
prices and also the livestock crop at current prices would result in seri- 
ous duplication in the income and erroneous weighting in the indexes. 
Consequently only cash sales of corn are considered. The estimated 
amount of corn sold by the farmers of Minnesota is based on the total 
production for the state reported by the United States Department of 
Agriculture, and the percentage of the crop shipped out of the county 
-where grown. These percentages were obtained for the most part from 


¥ 
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the series of publications of the United States Department of Agricul- 
ture—the present Crops and Markets and the publications which it 
superseded.** The amounts shipped out of the county do not represent 
wholly the total amounts marketed, because local cash sales are not 
included. In the aggregate, such local sales assume considerable im- 
portance, and the estimated amount of corn sold is, therefore, some- 
what too small. No data are available with which to make the proper 
adjustment, and the figure derived from the percentage shipped out of 
the county where grown is, therefore, accepted as the approximate 
amount sold. These percentages vary considerably from year to year. 
Table 10 shows the total production, the percentage shipped out of 
county where grown, and the estimate on this basis of the amount of 
corn sold by the farmers of Minnesota in each crop year. 


Table 10 


Production of Corn, Percentage of Crop Shipped from County Where Grown, 
and Amount Sold by the Farmers of Minnesota, 1910-1927 


Crop year Shipped 
(August to July) Production* from county} Amount soldt 
bu. per cent bu. 
RMS MMT CBS Yar eUiarede [elm o>. oie (os.'viy cis veiw se" wave 66,708,000 25 16,677,000 
ENE Matalin oii a(t ays 2 = 2s cS ease @ 74,140,000 14 10,379,600 
Sec ees kn Ss\ aie ba, 0. ©) oli 'o ava inis, oiyis 78,177,000 15, 11,726,550 
PURE AM a et aot Teele SF co.) siieleo =ie'e 2,2 9 se sexe wre 96,000,000 25 24,000,000 
PMA eRe la icieisbtiace a5, 6 oT OUT OMAER BARE HE 91,000,000 26 23,660,000 
GEEIG) 18 cont: citi SSR eee 64,400,000 2 1,288,000 
REPRE EP iatalt cise. sis cis'y s oreo siewiev e's 87,100,000 12 10,452,000 
LISGLES os Gag Ay Sy Seto ea nee nen eae 91,800,000 13 11,934,000 
a ENN ETERS Eola fgg) dcsiclis pine ai a 4 seve ewe me's 111,200,000 14 15,568,000 
Ry ena OMME Rare eter nels o-aieiv'oiee\s tie slalereiel ve 119,920,000 16 19,187,200 
MUS aA MMC se efi oer [s .50)'oy es! f'sefeis Jolie '6/'p oven 123,300,000 22 27,126,000 
Agpieee 3 Annee eee 156,620,000 22 34,456,400 
ise ea SONS ete Sy to sie cic ie elses sv teh alee 8, cele 131,307,000 18 _ 23,635,260 
UD aie MAA Matalin) soa) fee do < fais iv ae ainiore ya eyece 154,692,000 24 37,126,080 
eae eo iststaids ina Babee are Dales 124,065,000 uy: 21,091,050 
MEOZ5=20°) os we Ste Be eee itech sac canal Hot sts 148,896,000 18 26,801,280 
Re TF coo ans vie cisn'ecpiei evs «iwiels ware 147,662,000 10 14,766,200 
Peet eee caine eam 6 as vine ee 's.e epAe vig ne 127,246,000 § 10,179,680 


* Yearbooks U.S. Dept. of Agr. 
+ See Note 14. 
t For calendar year totals, see Table 12. 


The percentage distributions for the marketing of corn by months 
were derived from records of receipts of corn on the Chicago market, 
which were thought to be more representative than receipts at Minne- 
apolis. Table 11 shows the percentage which the receipts of each month 

14 These percentages figures were available for the most part from records of the United 
States Department of Agriculture. If not, they were estimated by interpolation or other 
available information. In the most recent periods, preliminary estimates of this percentage 


figure made by the United States Department of Agriculture were used, and it is possible 
that slight revision may have occurred subsequently. 
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at Chicago were of the total receipts for the period from August to July, 
inclusive, of each crop year. 
Table 11 : 
Monthly Percentage Marketings of Corn, Based on Total Annual Receipts at 
Chicago for Year August to July, 1910-1927 


Month 1910 1911 1912 1913 1914 1915 1916 1917 1918 
Watery aie a's xi late ee 9.2 9.6 9.8 14.3 12.6 20.8 Thy 10.6 6.9 
BEDERATY 2-3. + iece:athale © a: 13.6 9.4 14.4 15.8 9.8 8.0 14.8 9.0 12.6 
Ware 0550.2 ot She hate oe 9.2 FE 11.4 11.9 8.5 3.8 7.8 8.9 16.8 
GATE ER 3 Cotpisha anata) ate ai oe 5.3 5.4 2.4 2.5 215 2.5 5.5 4.9 10.1 
TEAS is face eb iaieisie Ne a 2.9 6.2 ee 4.2 3-3 4.7 6.6 5.0 7.0 
BY UG Sieh org, ees meets, 8.8 12.9 12.7 12.0 10.8 3.6 Q.2 10.3 9.1 
POU Mileis 3, aicoaigts lease t a 8.0 5.8 5.1 4.7 5.4 6.0 11.0 iF 11.9 
RUBE cc 98 hore Seen 5.4 4.2 5.2 5.7 8.8 5.8 6.5 4.5 6.9 
September 22). .tisagies 10.7 12.6 9.0 16.5 6.8 6.8 107 4.2 12.6 
WEGUEE her tare. cs ae ore 8.5 6.0 5.4 7.0 ee 10.3 Son 3-4 15.2 
IWovember- %..'e\s-an« «scsi 6.0 6.3 6.0 4.2 9.4 6.6 8.2 4.8 8.1 
December. ah esses 12.9 9.8 B20) 1s 20.0 10.3 13.5 8.7 Pe 
Month 1919 1920 1921 1922 1923 1924 1925 1926 1927 
PAB UALY moka atta fs) havsiee na 10.5 10.7 16.2 14.2 11.4 9.7 13.8 ru 8.8 
EDTA Wire ee wielain nverkes 4.9 10.3 10.2 18.5 10.8 15.0 7.2 12.4 10.6 
iY Ea ane eae ee 5.0 11:2 11.8 6.2 8.1 9.4 9.2 8.8 9.9 
April oee tac lost eieiiene 8.1 3.0 3.6 2.7 3.8 4.2 4.4 4.3 3-7 
Mays stcctteas oisvadisis! siete levers 4.4 4.1 Wed 4.8 2.0 Gat 4.0 3-4 3:3 
ANG Siccrniea) iene sath scab 10.6 It.7 16.0 7.0 2.5 6.0 7.0 9-9 9-4 
fect ae ee eee a eee ee 6.4 12.0 6.7 6.0 4.6 5.0 3.2 4.5 5.8 
POURS Potala cela Sealeiace he 4.4 2.8 8.4 Wee 9.5 8.6 8.7 2.9 5-3 
September (acces esse 10.0 9.0 11.6 14.6 8.0 11.8 6.6 5.0 8.7 
October! oeerrecteleie icra ve 6.3 8.9 10.6 27 Fad 10.3 Ger 16.1 7.0 
November .......- oN Ona. 2.9 3-8 7.4 8.2 7.0 8.2 14.7 6.7 
December a. | fac Sos 9.9 4.7 9.1 14.8 12.3 Ta9 15.5 9.8 8.2 


* Computed from records of the Chicago Board of Trade and from current reports of 
receipts as published in The Northwestern Miller. 

These monthly percentage distributions were applied to the total 
crop year amounts estimated to have been sold by the farmers of Min- 
nesota. The monthly sales of corn, computed on this basis, and totals 
for calendar years are given in Table 12. : 
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The prices of corn used in this study are the monthly farm prices 
for the 15th of the month, reported by the United States Department 
of Agriculture. These are shown in Table 13. 


Table 13 
Monthly Farm Prices for Corn Received by Producers in Minnesota,* 
IQIO-1927 
(Fifteenth of the month) 
(Per bushel) 


Month ‘ 1910 I9iI 1912 1913 1914 1915 1916 1917 1918 
PANNE oy 5c) So's ah erat $0.51 $0.42 $0.51 $0.36 $0.50 $0.58 $0.61 $0.82 $1.21 
IREDEUALY ci dis eae sale 52 -42 +50 .38 +50 62 .60 0.88 1.29 
MIALGR YA, as ccecondegn ate 53 42 52 .40 “gn 62 64 0.98 1.38 ~ 
WADE gale cree salertuale eee > -49 +44 58 -43 -53 -63 -70 1.20 1.40 
i" lee ae a Ee -47 .46 -60 Ay 54 -64 a7 1.38 1.36 
WHE See sl. eke sae 49 -48 -59 -50 -56 64 3 1.47 1.33 
Dah Y: Mle ctchet oes eyeie chs (ats 'e .52 53 .60 pat 157. -66 74 1.66 1.39 
SANTIS 6) Re a eae +54 -57 _ 60 58 -63 -69 -76 1.70 1.40 
September .......:... 152 .56 58 .62 .64 .66 -76 1.64 1.39 
OETODEr bo Sie dete e's eres 47 54 “52 57 58 -63 “75 1.57 1.26 
November © o's 0:- 5100 /s ii -44 -54 -42 +53 54 .62 -78 1.26 T.i2 
DeCemibE os ¢iens ate eie ns ¥ 0.44 0.52 0,36 0.52 0.53 0.61 0.80 1.16 1.16 

Month 1919 1920 1921 1922 1923 1924 1925 1926 1927 
PAMUALT SE aie eisictarain cae $1.15 $1.22 $0.48 $0.34 $0.56 $0.59 $0.94 $0.57 $0.58 
EDGUATY yy. oie \a ents aisto ie 1.10 1.24 .46 -40 57) 0.62 +92 “55 -59 
WTAROl: | dele aeivaettiais cine 1.18 1.30 +44 44 +59 0.62 85 -53 56 
PADEU ), eottayars ess ipxerss sis aioe 1.34 1.44 +42 .46 .63 0.63 .80 -52 755 
WERT Se ciraretsriberpetecanicem 1.43 1.54 -43 .48 68 0.61 84 -54 .65 
VUUa1e eerea tian clarence ere rove 1.46 1.56 “45 48 68 0.66 -94 -57 -78 
UV tly A eraratine o Ateheusiors Meastete 1.57 1.40 47 -49 -70 0.86 -93 -63 83 
AUCUSE S.A Tistatoa’ 2102 1.28 +44 -50 +70 0.98 -95 Fe -90 
September sncukioses el 1.40 1.13 38 -49 .69 1.02 85 -68 85 
October We etocsacee esis 1.18 0.82 <31 .50 .69 1.00 -65 .66 +76 
November: «.2. 001000 1.16 0.60 -29 +54 .65 0.90 .61 55 66 
December 02 di00 cays > 1.19 0.50 0.32 0.56 0.58 0.91 0.55 0.56 0.68 


* Prices 1910-25, U.S. Dept. of Agr. Statistical Bull. 1s. 
Prices 1926-27, current numbers of Crops and Markets. 


Oats 


The totals for the amounts of oats sold by the farmers of Minne- 
sota were derived by the same general method and from the same 
sources as those used for corn.’ The production for each year, the per- 
centage shipped out of the county where grown, and the actual amounts 
represented by these percentages, which are taken as the approximate 
crop year sales, are shown in Table 14. 

The percentage distributions for the marketing of oats by months 
were based on the records of receipts on the Minneapolis market. Table 
15 shows the percentage which the receipts of each month were of the 
total receipts for the crop year period from August to July, inclusive. 


Table 14 


Production of Oats, Percentage of Crop Shipped from County Where Grown, 
and Amount Sold by Farmers of Minnesota, 1910-1927 


Crop year Shipped 
(August to July) Production* from countyt Amount soldt 
bu. per cent bu. 

ORT Ty Petals as clenivig se Fouls estes Bitters, 3 85,440,000 23 19,651,200 
SMTi ECMO arialees ovs\< icles s)he lsfaie wie <5] 5.0 "ere'a © 67,214,000 20 13,442,800 
eee MNCs evan cr ei Fk a ba; v, Crass )8 wc evn ace aa 122,932,000 27 33,191,640 
RNASE fe sPutelahhisi's) vn) = i, w/e ieee (eo win ioe 124,644,000 28 34,900,320 
te GENT Reta P ee ay nite FS Re" ws igi! 9:4. o'6~.gc-5 Do 85,120,000 30 25,536,000 
eS Meira NS Marya hatata st acs is Be: aidre'a,u o sie\els eae levees 138,675,000 35 48,536,250 
eR MISES AW als! ohie'nlb ie = eonts alee wiain'e se’ 88,112,000 20 17,622,400 
ee Ror oe Neca iataceip "a an, vs ais)s 2 owes ae 120,250,000 26 31,265,000 
Fee Nee TES ote ole WATS ae) «e!(s)'2.s'[k ost, 2.6 v0 inte were 134,562,000 28 37,677,360 
ER D@) (Ane Sod OAR ae a 98,728,000 20 19,745,600 
TOC CRIT 3. G.8.05 0. eGR A In RIO ROR en nan 138,825,c00 29 40,259,250 
BOAT OS ES sala ate ales A Sos Ny CONC A EHERC CICPTC RCI 99,480,000 23 22,880,400 
as Se AME ete s Fee lets as 0.9.4) 015. wie bes Svehece wis oye e 142,746,000 28 39,968,880 
eed Ua Nelia otial stan wih c:'a)'s!s!n) 2s \ecee,019 > sia oiete es 153,254,000 27 41,378,580 
a aA ree EOS ES isin clsiiets, 4/ain\e\sie 0,4 0'e oe vie sve sie e 197,241,000 34 67,061,940 
ee N Saye Tee Sg nip vale ew, sie0/a7eVe oye slale ee 200,340,000 31 62,105,400 
eT ee PPINT aig is Fie o)-s\.05) 6 salsa las! ose 8" 129,162,000 18 23,249,160 
Rat ye MMMEN Rees Re eviivaisie cia eie. sc) da sieee/al's os e'ajeve 116,580,000 18 20,984,400 

* U.S. Dept. of Agr. Yearbook. t¢ For calendar year totals, see Table 16. 


7 See Note 14. 


Table 15 


Monthly Percentage Marketings of Oats, Based on Total Annual Receipts at 
Minneapolis for Year August to July, 1910-1927* 


Month 1910 IQTI 1912 1913 1914 IQI5 1916 1917 .. «1918 
DINAN arc ais\ainVsla/e's o's a0 6.9 5.2 9.0 8.6 6.2 6.3 5-4 4.9 9-4 
LASSE ee eee 9.2 5.7 13.8 6.7 4.7 7.1 75 4.4 8.6 
VE AREDN Steins avers, sie ais ov6% “eve 8.3 6.6 9.2 7.0 5.0 8.9 WA: 7.6 15.8 
OSes eiaikiniet-ls.t-s.0\s.6 = 4.3 4.2 6.3 6.0 Bia 3-8 6.3 4.7 7.2 
WER? SIGH aCe eee eee 3.9 3.9 San Br Aa 2.8 4.8 3.0 3.0 
DCEMU iaaiet nS) c a pista i's 2 0 aaa (erg 4.9 6.1 3.8 2.9 S.8 3.2 4.3 
PT Meee sist ie’ clin sla. <>0 <o.0's 4.8 3.6 4.1 8.4 3.8 2.9 Ye 2.5 Ee 
INSTR CTR A are 12.4 7.9 Wee 14.8 10.8 3.0 16.1 4:6 | "10.3 
September ........... 21.4 10.6 10.8 16.4 16.0 9.1 22.0 13.6 15.6 
WMctober soi cece e ss 13:2 8.0 Bae 14.3 17.8 15.6 1533 13.0 { ETL 
November)... oss. ~ 6.9 10.2 9.5 10.0 10.2 14.9 12.2 10.3 | 9.7 
MeceMbEr osc es ees EI,2 10.8 13.2 13.2 10.4 13.1 5.4 6.9 13.6 

Month 1919 1920 1921 1922 1923 1924 1925 1926 1927 
pVaRBATY..-'.65:.5- Beate shel cs Oey 7.0 8.0 6.1 9.3 6.8 7.4 6.0 4.6 
February © sisi. 6-0 sees 5.1 7.1 4.9 6.3 5.9 8.3 4.1 4.0 6.0 
MECH Ma yctysieie cities ele ae 4.9 6.2 5.6 6.6 7.4 6.3 4.7 4.7 5.2 
April idthe retin weirs 4:3 5.9 2.3 3.6 47 4.9 2.7 5.9 3.0 
pl Ce TE a oi ae ee 4.4 5.5 2.7 5.9 2.8 2.7, cia 3.7. 4.0 
sichey SA Aeotos Seis 5.9 4.1 7.8 4.9 3.7 4.0 4.8 2.5 4.1 
BYUaD Wiig oie cay Neiotass e:sccfaqe os 6.3 5.4 9.6 4.7 2.5 3.4 3.5 1.7 2.8 
PRUCHSE Tales eklacvieees -LO;2 10.5 22.0 16.2 3:0) 9.7 29.4 25.7 21.3 
September ........ rome as 18.0 12.8 14.9 15.7 23.3 17.5 15.6 17.9 
Wetobet ci. palais citer aie ch 15.2 14.2 Bie 14.8 20.9 8.8 14.2 9.4 
November- ..'./../...2.. 8.0 8.0 5.8 9.0 8.6 . 8.9 5.7 6.8 5.6 
December .......... Ee Ge me P42 2 7al = 10.4 Bia Sie 6.9 9.9 8.0 5-7 


* Computed from records of the Minneapolis Chamber of ‘Commerce. 
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These monthly percentages applied to the total crop year amounts 
estimated to have been sold by the farmers of Minnesota result in the 
monthly sales of oats and the calendar year totals shown in Table 16. 

The prices of oats used in this study are the 15th of the month 
prices paid to producers, reported by the United States Department of 
Agriculture. These are shown in Table 17. 


Table 17 


Monthly Farm Prices for Oats Received by Producers in Minnesota,* 
IQI0-1927 
(Fifteenth of the month) 
(Per bushel) 


Month 1910 IQII 1912 1913 1914 1915 1916 1917 1918 
Tete ile | Ny Sama ee eae $0.38 $0.30 $0.42 $0.26 $0.32 $0.44 $0.40 $0.48 $0.72 
MecUGMA ty Ista series » .40 +30 -44 .26 32 48 .40 .50 80 
SSE EROC” tice See nee -40 29 46 .26 32 -49 37 54 84 
BONEN ery Nevsis iciae esse +3 38 +30 .48 .27 32 .50 38 .62 82 
CE a ae .36 30 -49 .29 “32 .48 38 .65 74 
DEES Oe eRe eee 36 733 -47 -32 32 -46 a7: 64 .69 
NOUS AR RE ER +39 237 -42 -33 32 +44 37 66 .68 
LEE CS Sh ea 39 .38 32) +34 -34 -40 +39 60 64 
September 20.55 -205. sas +39 .26 34 39 ae .40 52 62 
MICLODEDE sishere,t cieis.cles cs G2 -40 .26 32 -40 .28 142 Ase 60 
Wovember ...0..05... age .40 -26 +32 .40 .30 -46 59 .60 
December fa. cas< es 0.31 0.40 0.26 0.32 0.40 0.34 0.46 0.66 0.62 

Month 1919 1920 1921 1922 1923 1924 1925 1926 1927 
LEVOTES? “-osSe Seca eeene $0.56 $0.74 $0.34 f$o.25 $0.34 $0.36 $0.47 $0.33 $0.39 
PREDEUAT YS Fe.ciaifoiciessia-s 0+ 152 75 132 .28 +34 -39 -45 Br +39 
1S i 254 78 132 +29 34 .38 -40 31 .39 
a0” Gaoraueee OO eReaeenee .60 .86 .28 .30 +36 +39 35 -33 +38 
RAWAM eth e cs skali a's os -62 .92 .28 +30 36 39 -36 3g 41 
PIRITUC Monee N aler'e. cvs. o oa. 076 .60 95 29 30 +34 .40 42 33 43 
Shia Ne SA eas See 64 84 .29 mae .32 145 38 -33 -42 
EECELE Oe gee eae 64 -64 25 24 30 43 33 34 41 
eptember <.......... .60 53 .22 .24 -30 -40 ar Pe 3 -38 
WDOCODETN eteta is -lescksievs-+ sv +59 -46 +22 .29 32 +43 29 +34 +39 
Wovember: «...-.....- 62 -39 .21 132 -34 +40 +2 a5 .40 
MceMbHer ci.) sies cies nis 0.68 0.36 0.24 0.33 0.35 0.46 0.33 0.37 0.44 


* Prices 1910-25, U.S. Dept. Agr. Statistical Bull. £5. 
Prices 1926-27, current numbers of Crops and Markets. 


Barley 


The marketings of barley by Minnesota farmers were arrived at in 
the same general manner as those of corn and the other feed crops. The 
production of barley, the percentages shipped out of county where 
grown, and the actual amounts represented by these percentages, which 
are taken as the approximate crop year sales, are shown in Table 18. 


Table 18 


Production of Barley, Percentage of Crop Shipped from County Where 
Grown, and Amount Sold by Farmers of Minnesota, 1910-1927 


Crop year . Shipped 
(August to July) Production* from countyt Amount soldt 
bu. per cent bu. 
DEBT de BS Fes cma act es OO Lea oil 26,985,000 a 13,398,000 
TETAS e Oe daisies eolpterete ase eie = Hote ween leraroraalae 28,025,000 ot 12,331,000 
ROME H AD ate ie ralche ais NRMURISIS bie Bar ends oe) Oe Pra\e 42,018,000 an 18,487,920 
Soiocio ee CO AOOIIO ORICON OOOO cei tor a 34,800,000 eis 15,312,000 
TOMALES wisi atel nial piate is intelei wiv \ese pi a\atetaiaW olla versa 31,694,000 56 17,748,640 
PONS ROS inirersasclciaitts «ain slareiaete a setae ole 38,125,000 45 17,156,250 
ROa Kay. Wecwjh ye whe, shateloenaic wine, eiaiate acne ye nele 26,125,000 49 12,801,250 
MGT tat uals Srotreloig nis isisrave NW ealelal orn Gone att Gaye isle sae 34,425,000 51 17,556,750 
ENSE- fo Bae Oh clon, bitin eaceenes Fdtal ale dayes Sa. 31,694,000 45 14,262,300 
ROS BO ate Male ie sicraistoints eo banal merece elses 38,125,000 44 16,775,000 
ROZO=AL © Sirk eae eis uw wie ais Spminee as EpinGe ehds 22,378,000 40 8,951,200 
SU) hige SS aC MIPTET SC Gor Ore Meme Lene 18,700,000 38 7,106,000 
ie Fae Favor SPT, SR RAP TORO cee ber TROON AN 24,062,000 38 9,143,560 
TODS 24 wrcar ei te east cil aiailatatienis aytiapeetnsteiss 24,050,000 35 8,417,500 
Wrench wie pel crt MU en sis girs eureteln Kee aKa 29,280,000 45 13,176,000 
EQGRSLO! wala endiete sae 0's /0/ Sse 8) oso RMR a[ole) sienbrale's 32,940,000 42 13,834,800 
TOROS mira fae ieniaya ais tas winlaca lols ‘cysts’ s Clarita, lets 32,675,000 30 9,802,500 
LO SH eae eiate lero he toraia's  aiaieta sox Voleuaveratstets ave 43,800,000 29 12,702,000 


* U.S. Dept. of Agr. Yearbooks. 7 See Note 14. ¢ For calendar year totals, see Table 20. 


Table 19 
Monthly Percentage Marketings of Barley, Based on Combined Annual 
Receipts at Minneapolis and Milwaukee, for Year 
August to July, 1915-1926* 


Month IQi5 1916 1917 1918 1919 1920 1921 
WPARPAIAE $e) <k oa. evens Biv mesa P syne ao 7.6 7.8 8.6 7.0 a 8.1 
HPEDH UA Looe ie wieit a inioleve eae Pi ae VEY 3.9 9.6 5.4 4.8 45. 
Marcha Aiasie ial erteciiney veetaaiels ave 2.1 5.6 1233 12.0 6.2 6.8 
BAER Osc Merepereters mints ate pees er ha 4.4 5.3 3.4 9.1 5.8 4.6 
INA cay he 9 5 aay tas clioh etatebamate Mie yeni ca OB 4.9 4.0 3.0 9.1 6.3 5.4 
WATE vig cone avec ic aise syaTece widisce 3 6.1 3-5 27. 11.9 6.1 9.0 
ARG ioe Saka ier Oe tatetae wisrodee oe aoe 5.5 2.0 0.8 9.0 5.2 6.4 
PASS AS tit.me iat snstata ie aVeustey shares saan 2.9 7.3 7.1 4.6 16.4 6.5 16.8 
Septemberinstye sles avetero vieidcors 11.9 18.9 16.0 8.7 13.0 15.2 10.8 
OCLODEL a farscraewrecesuettiniee eis & 11.8 17.4 14.6 7.0 10.8 10.9 T1.2 
NOVEMBER F Fi. cisietw-atelacrdian Same Li ey/ 14.9 9.9 7.3 8.9 I1.5 5.5 
WIC CEMIUCE E25 ocala sosisie ois ee¥ sie 16.5 9.4 12.0 8.9 9.0 LI.2\. weesew 

Month 1922 1923 1924 1925 1926 Averagey 
Wig UAT Pye aus? fo fave aisialevel oi aTs elersiciome eravere erate 5.8 10.2 6.3 10.0 6.3 77 
WEDLCUAT YS. civ Giis ees be eee a tise ete ois 5.2 6.6 7.8 7.5 5.0 6.2 
Verh sart ate tp rae cae aha iaite ala. bre eote oeelaee eo mieate 9.6 9.0 FIA 6.4 6.2 8.2 
PAD LAD IP. te eta ottelouats i aveyele piehati, Neileee aa Liabasers 5.6 5.4 6.0 3.8 4.9 5.3 
INL ayer a tne Sehatnre a: ale satatevets aye a releani ear weetetaRa E 8.3 4.8 5.3 as 5.7 5.6 
YAMA Case tele vinia ios Taveuni do oe analy everteaiereamtarantane ie 9.2 6.2 4.2 3.9 5-4 6.2 
Witty mes Sages he lax aleveteiwigsacelele Peover a ate we sistets 6.0 5.8 3.1 ae, 2.3 4.5 
PNNSD WEST. Senha Sisters ena eee eS Oe Relea 8.8 Ts 5.8 18.4 12.3 9.6 
September. 'cy. 1s isicivatelvenve ontee aioe Syed s Sistaler LOWS 14.7 T7s2, 18.5 13.9 14.1 
October 7 risre,csfers satutn-blarels « akolt lara leslie TE.3 12.5 16.5 9.7 13.2 12.2 
PNo wera ben’s eases sek: tn ta wteens cen cee SER ee Qe oe tenOne 10.7 9.0 9.6 10.0 
Decemberi cael civicls sa ereane Otte, ae cees Il.g 11.5 10.0 8.5 8.7 10.4 


* Computed from records of the Minneapolis Chamber of Commerce and reports of re- 
ceipts published in The Northwestern Miller. 


- + Average for 11 crop years, 1915-1926; August to December, 1926, not included. 
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The percentage distributions for the marketing of barley by months 


were based on the combined receipts of barley at the Minneapolis and 


Milwaukee markets. Table 19 shows the percentage which the com- 
bined’ receipts for each month at the two markets constituted of the 
combined total receipts for the crop years from August to July, in- 
tlusive. The data on which to base these distributions were not avyail- 
able for the early years included in the index. An average of the per- 
centage distributions for 1915 to 1926 has been substituted in these 
instances. 

These percentage distributions, applied to the annual crop year mar- 
ketings, result in monthly sales of barley and calendar year totals as 
shown in Table 20. 

The prices of barley used in this study are the 15th of the month 
prices received by producers in Minnesota as reported by the United 
States Department of Agriculture. These prices are shown in Table 21. 


Table 21 


Monthly Farm Prices for Barley Received by Producers in Minnesota,* 
IQI0-1927 
(Fifteenth of the month) 
(Per bushel) 


Month 1910 IQII 1912 1913 1914 1915 1916 1917 1918 
SP AUAne ees cyrtelae neice $0.53 $0.70 $0.96 $0.44 $0.46 $0.56 $0.58 $0.89 $1.34 
IP ebLUAT Y= © x fade cis cereans -54 we. 0.98 +44 -47 .62 .60 0.94 1.55 
Wharchys sates scaawie tise 54 -78 0.98 43 .46 62 56 0.99 1.73 
Pa gt Ae eran ated ter fet -50 .88 1.00 42 -44 .62 58 1.13 1.62 
VERY Metres sched oi hetanctontin teak 48 .86 0.99 -44 44 62 .60 1.20 1.32 
UNE Praketune oe cals tars a .50 81 0.87 -46 42, © “60 . 60 I.10 1.04 
AJL Eoeitsncree starsat tassios -52 80 0.67 44 41 .60 -59 1.14 0.96 
PANIBUISE. MS. canals see 255) 82 0.49 -48 -48 -56 66 1.16 0.89 
Meplemiper: tio...) .is. nia 157, .88 0.43 +54 52 46 74 1.10 0.82 
October. Sac uktewicaivwces -56 +94 0.45 +52 -49 -44 .78 1.14 0.78 
Wovember iam. ctewisan 58 .96 0.44 -50 “52 .47 .84 bie a) 4 0.78 
December’ os cssencues 0.64 0.95 0.42 0.46 0.52 0.51 0.86 1.22 0.78 

Month 1919 1920 1921 1922 1923 1924 1925 1926 1927 
AMAA Yew a atoretaiskecely aiats $0.76 $1.28 $0.53 $0.38 $0.47 $0.49 $0.77 $ors2 $0.56 
ebruarye syracuse waeve 0.75 1.24 -48 42 47 BE -76 -50 -57 
TA Claes reverent rast leben a 0.80 1.26 48 “44 47 -54 are -49 58 
April 29 hiviceycvapomreats lscke 0.91 1.36 .46 +46 -48 +55 -70 ~.49 .60 
Matar soni h rer ae itare 0.98 1.42 +44 -47 48 -58 iE Ae: -66 
af eS sy2 sscin heen eee 0.98 1.34 “45 .46 .43 58 es «51 “75 
Jatt Bese deere eeie. hee 1.03 1.14 -46 -44 -46 62 We} Ay -66 
Auigtist i ioccnures Sane 1.08 0.91 -42 -40 “44 64 62 ASS) .62 
September ........... 1.04 0.79 -40 -40 +44 -63 55 48 62 
Metober se cece ams site 1.05 0.72 -38 -43 45 ae -51 “Sr -63 
November “20.5000 a0 1.12 0.66 -34 -46 -45 .67 St 52 62 
December: “Wi cciesta ne 1.23 0.60 0.34 0.47 0.48 0.72 0.52 0.52 0.71 


* Prices 1910-25, U.S. Dept. of Agr. Statistical Bull. 15. 
Prices 1926-27, current numbers of Crops and Markets. 
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Rye 


The amount of rye sold by the farmers of Minnesota was computed 
according to the methods outlined for wheat. The estimated amounts 
sold annually were derived by subtracting a seed allowance of one and 
one half bushels per acre for the acreage planted in the following year, 
from the annual production figure reported by the United States Depart- 
ment of Agriculture. This figure, when taken to represent annual sales 
has the same defect as the wheat estimate. In the case of rye the over- 
estimate caused by not making an allowance for the amount fed and 
wasted, may be as high as 8 or Io per cent. This estimate of error is 
higher than for wheat because more of the rye crop is fed on the farm. 
The production figures, amount necessary for seed, and estimated 
amount sold in each crop year are shown in Table 22. 


Table 22 


Production of Rye, Seed Requirement, and Amount Sold by Farmers of 
Minnesota, 1910-1927 


(Bushels) 
Crop year Seed 
(August to July) Production* requirement Amount sold 
NN CaS a ant at an ea vol osiciv''g e!os's teres eis.eieiei ete 4,352,000 360,000 3,992,000 
SR TIESSC AMMEN a7 aHTcte alc iio! scsi 2a s5:e\sia\0 eusie(o sys a 4,488,000 393,000 4,095,000 
Eas eTIrie  (o cle. sree 6s ae oa esis a uses 6,026,000 450,000 5,576,000 
RR MIME MET stor Tetgolarsl4ix) ee 0-8 4.6 «016 b'e\eiu je 46a es 5,700,000 418,500 5,281,500 
RR AMM tea sie oil ace ss)i5) 808550 sii0ecao) seas 9) se 5,245,000 450,000 4,795,000 
DI SPMD SENG pS aves a)'nr's| as: <) of-a\'y 0,0 16\'0. vlieveis eles 6,825,000 502,500 6,322,500 
NSE MIE ie icte seas) sieic, ccd vi sy6\s%ea-e 41> G\viesies 5,250,000 615,000 4,635,000 
RN RE Ue eSet client Mavelis a. 0 000 ssid o/s celae-we 6,716,000 652,500 6,063,500 
UOIALOL | Se 0e Span eee ee 8,700,000 783,000 7,917,000 
SOO Ae leo oe ae ae 8,363.000 720,000 7,643,000 
SEO CeATE AG. GSES SCREENS ENR 8,806,000 960,c00 7,846,000 
LP See Shen 6 OS ae ea een 11,200,000 1,731,000 9,469,000 
Ny are OEE MOAT Sipe ve: sve. elroy 5 aic9. eeleip-elsie secvtapele y 21,926,000 1,368,000 20,558,000 
Eee AMINE weir vid woken eovca ie bul aie hele eva 12,312,000 1,048,500 11,263,500 
ice Aaa MMM aPC Wve ahaks, erolla ven: «).cisleepa at “aie « 14,718,000 672,000 14,046,000 
PEELS “rail Sale Src MONRO IReoI IO RIERE RE ne Senne eee _ 5,824,000 550,500 5,273,500 
Ric Tice MMM PT iA alls i'cs aw 0 lsie ‘ass wie’ vere ee 5,940,000 613.500 5,326,500 
NM ee Tie TaN als Gis a! ose aio. 6% aiaie ake bee ee 7,009,000 670,500 6,338,500 


* U.S. Dept. of Agr. Yearbooks, 
; For calendar year totals, see Table 24. 
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Table 23 


Monthly Percentage Marketings of Rye, Based on Total Annual Receipts at 
Minneapolis for Year August to July, 1910-1927* : 


Menth 1910 IQII 1912 1913 1914 1915 1916 1917 1918 
RG eins POSE res 7.8 8.3 5.5 6.7 5.2 7.6 5.9 4.0 8.2 
Bebevaty 20. .c0tape ces 6.5 5.0 4.1 5.6 4.7 6.1 6.1 2.4 9.2 
Mache “ins ..tm. eee es 5-3 8.9 5.1 4.6 5.1 3:3 5.1 5.8 9.2 
05 We OD EE SS Is 3-9 4.6 3.1 3-9 4.1 Tay 3.6 4.3 5.4 
Bea nis wie) esta mt au iy 27 5.2 3-4 2.9 4.8 1.7 27 3.5 2.5 
Pare Matra (ws cats yesa to ataiete S 2.2 2.2 3.6 Sut 4.1 1.5 2.6 2.9 1.8 
Tee SC hos annie siehrs 1.8 4.2 22 3.4 2.0 1.0 23 1.4 0.9 
NTS EE ae OS ree Sr 10.5 16.0 13.8 12.7 13.0 3.9 4.1 7.2 5.7 
September: — viesscrew sve = 15.6 14.3 17.8 19.4 20.3 10.6 21.8 15.3 13.8 
(etehetiy wie ciara sictaleiavete= 13.0 18.4 16.7 18.6 14.9 20.6 20.9 i772 5.3 
INGWEXNDOR  “sucyers traps Se08 10.0 DS.7. 12.8 10.7 14.2 20.9 19.3 12.6 7.5 
PIECED ET PFicnree arlene ste 12.5 8.6 8.7 8.6 14.6 15.9 9.8 10.6 18.5 

Month 1919 19z0 1921 1922 1923 1924 1925 1926 1927 
RRA tien ians onale'sts 3-9 9.7 10.3 4.6... 16.0 5.4 5.9 5.3 7.5 
PEbrUary. oe.celsaiecisne > 2.4 7-9 6.6 5.6 8.1 A 2.6 4-4 8.9 
Mir ett Se, visio vials silo sresere 17.4 8.3 748 7.4 57 ae 3.5 5.0 4.3 
PRAIA a Pay at einie wiscele uastahos 8.7 9.1 3.7 3.2 4.7 2.9 2.3 2.5 3.8 
Mai Eatin okormaneaig ussite 6.5 4.2 5-0 5.1 2. 2.9 23 3.9 5.6 
AEE Ie” Wane case raintels elie 4.5 4.2 5.5 4.5 4.2 6.7 ep) | 5.7 
AUELL Vices Geeta tsiohekaic, cle tent is 5.6 Sur 7.9 12.0 2:3 5.0 1.4 3.0 3-6 
ANIQUISES icv chem a tree Wiese 12.5 11.6 15.5 11.8 17.4 15.5 12.2 11.6 19.3 
September. °......00-50 13.6 12.2 11.4 8.4 16.2 19.4 28.9 16,2 16.0 
MPCODER Cir alvivitisre stew sarc 11.4 10.6 17.6 12.5 Ti. 29.3 10.6 12.3 12.1 
November Gases ccricrere ks 6.7 73 5-1 8.2 9.2 8.8 9.5 9.1 ae, 
December yc itora st stare v2 11.8 7.9 q5e5 10.4 5.3 11.6 11.4 Sue 


* Computed from records of the Minneapolis Chamber of Commerce. 


The percentage distributions for the marketing of rye were based 
on receipts at the Minneapolis market. The percentages which the re- 
ceipts for each month constituted of the total receipts for the crop year 
August to July are shown in Table 23. 

When the percentage distributions are applied to the annual amounts 
sold in each crop year, monthly sales and calendar year totals of the 
amounts shown in Table 24 result. 

The prices of rye used in this study are the 15th of the month 
prices paid to producers, reported by the United States Department 
of Agriculture. These are shown in Table 25. 
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Table 25 
Monthly Farm Prices for Rye Received by Producers in Minnesota,* 1910-1927 
(Fifteenth of the month) 
(Per bushel) 


Month 1910 IQII 1912 1913 1914 1915 1916 1917 1918 
iRaginicery ae ae, ete, $0.65 $0.70 $0.82 $0.48 $0.48 $1.00 $0.86 $1.24 $1.76 
Bebrmary - 6 25 Safewiewe 9 .66 -70 81 .50 -48 1.06 0.86 1.28 1.98 
MAE oi tas t oh ae .66 72 80 -50 -50 1.04 0.82 1.36 2.38 
GPITS cia Slag? a who, ose ate eset 65 74 -80 -50 ~50 1.02 0.81 1.56 2.51 
LS Aa Oe Moe ere eee 64 78 -80 -52 -50 1.03 0.82 1.88 2.i2 
2 En ee ee 64 79 76 «51 -50 1.01 0.84 1.98 1.74 
TIS Meio A:Se = ak we 66 75 .68 .50 «50 0.96 0.83 1.84 1.62 
LACHES ws Sica g oie sormrs 2 are 66 74 58 52 -62 0.88 0.92 1.65 1.58 
Se pRETR DEL on ait cain aa -66 a7 -54 53 -76 0.82 1.05 1.63 1.52 
QEEODER ) Varwivi ered wie s -64 .80 -54 .50 -78 0.82 1.12 1.68 1.47 
November © -s.)cs sects os -64 80 .52 .48 .84 0.84 1.22 1.66 1.48 
December! © eiccins'sisre o's 0.66 0.79 0.49 0.48 0.92 0.82 1.24 1.69 1.48 

Month 1919 1920 1921 1922 1923 1924 1925 1926 1927 
WaiKaNy eters s wiclo Hels eae $1.42 $1.52 $1.27 $0.67 $0.70 $0.56 $1.32 $0.88 $0.82 
EBEUALY:  walacrinc alsa 3 1.32 1.44 1.27 76 68 0.58 1.34 -80 .87 
Er He ce sete gies ReaD a 1.36 1.46 1.20 .84 .67 0.54 1.26 rps 86 
Apel Ses macp cesweie 1.50 1.69 1.12 -86 68 0.51 0.97 Py fs 84 
Ee eh eee vie age ety 1.45 1.78 I.10 .87 -66 0.52 1.02 .69 -91 
Ue aes ce eer ieee 1.32 1.82 1.08 80 56 0.55 1.02 75 ..96 
Paty sitar cts ates 1.36 1.74 0.98 .68 -50 0.63 0.86 84 -9t 
PCGSE ES ye sus cei sae Wen as 1.38 1.65 9.90 5 Mas 0.77 0.91 85 -79 
Sentember: 3) 5. .% (ys 13k 1.64 0.85 “54 {53 0.77 0.75 -79 80 
Octoever. sa. te pean 1.26 1.52 0.75 58 55 1.09 0.65 .80 -79 
Nipyember, - Sina. <6cs= 1.26 1.34 0.64 -64 -54 I.12 0.65 .80 -84 
Béecembher iso. otec 3 1.42 1.22 0.64 0.69 0.54 TTF 0.86 0.78 0.88 


* Prices 1910-25, U.S. Dept. of Agr. Statistical Bull. 15. 
Prices 1926-27, current numbers of Crops and Markets. 


Flax 
The quantity of flax sold has been estimated from the annual pro- 
duction reported for the state by the United States Department of 
Agriculture, minus a seed allowance of one-half bushel per acre for 


the acreage planted in the following year. The assumption that sales _ 


of flax equal the total production less the seed requirement is valid 


‘in this case, because no flax is used on farms for feeding purposes. . 


The figures for production, seed allowance, and sales by crop years are 
shown in Table, 26. 

The monthly percentage distributions for flax. computed on the 
basis of the receipts at Minneapolis for the crop year August to July, 
are shown in Table 27. 

The estimated amounts sold by months and the calendar year totals 
which result when these percentages are applied to the annual crop 
year marketings are shown in Table 28. 
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Table 26 


Production of Flax, Seed Requirement, and Amount Sold by the Farmers of 
Minnesota, 1910-1927 


(Bushels) 
Crop year Seed 
(August to July) Production* requirement Amount sold; 
Bed oN LCM Sead ahraSeettatralie a a2ctiate ana'si= 1 )e cve. woe api 2,828,000 200,000 2,628,000 
RINE ae tach s wid) ae ec! p\@ie.'e» oe 0 eyo w shersieis 3,200,000 202,000 2,998,000 
ERP eee at alin ts Scale o"3 wai"! «| S056 a ip’ 0) dv. e.aile sso. 4,121,000 175,000 3,946,000 
CD NUEET SY © EA Sa AEE roe 3,150,000 157,500 2,992,500 
aR Aes aia ts fee cnn als asd uf> oes a as 2,930,000 150,000 2,780,000 
DARL OS Sa Ge Ss ee es 3,150,000 137,500 3,012,500 
es Eee ies iss Z5:2/a0 eae ee vee 1,700,000 110,000 1,590,000 
TAME er ate ete emia >,6 69 ow ees: 2,090,000 150,000 1,940,000 
DONO) An ae 3,536,000 160,000 3,376,000 
TAREE ONS MN Meet aval sfnleselate lc. 0.016) + co, wis «ers 2,304,000 160,000 2,144,000 
Ree ie MMR Sete Aotiayiey s\raric/-ai.s\fa's,(07 6:63:01 acl aye a recse 6 3,040,000 157,000 2,883,000 
Ue eS 2 ee 2,983,000 155,000 2,828,000 
Ate do Seta aNoley alice ace avait uya/s-v we oc o's 3,100,000 263,500 ; 2,836,500 
OO 2 9 As, a i ed 5,270,000 356,000 4,914,000 
esd eaeme EE TRANS C rats So (vice inh s\e.ois\8,015.005 = 5 8,117,000 370,000 7,747,000 
[AS REA 7,400,000 455,000 6,945,000 
aie erent ete Gir atein in oic io eje'"e!s eoee se os 7,652,000 378,500 7,273,500 
ET Ney oi oicrs. ceo sie ds ates se 7+343,000 363,000 6,980,000 


*U.S. Dept. of Agr. Yearbooks. 
+ For calendar year totals, see Table 28. 


Table 27 


Monthly Percentage Marketings of Flax, Based on Total Annual Receipts at 
Minneapolis for Year August to July, 1910-1927* 


Month 1910 19II 1912 1913 1914 I9I5 1916 IQI7 1918 
PEEUNEY asc srorsie cine ae ss 9.7 4.2 6.2 11.8 8.9 8.3 4-3 6.3 8.6 
DVIS oe Soe eeeEe 6.7 5.4 5.3 10.2 6.0 6.2 5.4 ioe: 9.0 
iegec ls le 8.3 4.1 4.6 8.6 7.4 53 II.0 5.1 8.5 
JN a eee 4-4 2.0 5-4 6.1 3-4 2.0 6.6 4.5 4.6 
WEAVE eats aM tin sess ue 2:2 Bee 6.6 4.2 Tey. I. 6.0 3.0 5-7 
UST see 1.6 ae 5.7 ae 2.1 2.0 5.0 6.6 10.5 
(Wik, LG0 1.2 2.4 5.7 3.5 2.9 353 6.0 3-8 3-4 
UCT) 2.4 2.2 E.3 3-5 1.6 1.6 2.3 1.5 js 
September ..........5 15.2 6.6 erg 9.5 T2.5 4.7 tye ae 7.1 
(OT oe 27s 14.1 13-5 21.2 26.2 14.1 27.7 15.9 12.2 
PIOVEMIDED Sie spans 23.1 18.2 12.4 18.9 17.3 20.4 19.7 18.0 Il.4 
Wrcember 5). 5 ces. s-s. +s 9-5 19.9 18.3 14.3 14.1 15.1 12.2 10.0 10.5 

Month 1919 1920 192 1922 1923 1924 1925 1926 1927 
UE AVE oO cin oR Oee eee 7.4 6.5 4.1 6.8 ik 3-7 8.7 3:3 4.7 
Be DEUAT WN ti. ct < wicks 23s 6.3 6.9 3-9 4.6 4.0 2.6 ae 2.4 3-6 
VEC ST CLEMEvcteleve'creisit ve)s/2 os 11.0 8.1 6.2 5.8 Gan 2.4 4-7 2.8 3-1 
ENSSCAN Mme Taran spe s at's toe. sh ie 5.8 Sat 6.4 4.7 7.6 2.2 2.6 3.2 1.9 
Rica Mesiaicisis ects = + 20's 5.8 5.9 8.5 6.7 6.4 3.0 2.8 3.8 2.9 
Gime -porlpdeenesgosaens 12.5 9.9 7.8 4.9 7.6 3-0 ER 2.3 ger 
JS? SSSR Gn Sener iaesn 8.6 10.5 5.0 3-5 sey 2.7 2.0 2.6 1.6 
JN CRTEL Soe ee 3.7 4.4 7.2 5.0 10.5 1.9 9.7 9.3 3.3 
PEPLEMVET Goi es ac ees 14.3 9.6 12.4 15.0 27.3 15.8 29.4 17-3, 8333 
WCE DENTS iiss sis fives ns 10.9 21.8 27.0 17.0 20.1 24.2 24.3 32.6 29.1 
DNovember— 02.12». 02... 10.8 11.9 §.7 9-5 13-5 19.4 9.8 12.4 8.0 
MBCemMpPCL oc ecyne acs s 9.4 10.5 7:9 10.0 9-0 9.6 6.4 7.5 3-7 


, *Computed from records of the Minneapolis Chamber of Commerce. 
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The prices of flax used in this study are the 15th of the month 
prices paid to producers, reported by the United States Department of 
Agriculture. These are shown in Table: 29. 


Table 29 


Monthly Farm Prices for Flax Received by Producers in Minnesota,* 
IQ10-1927 
(Fifteenth of the month) 
(Per bushel) 


Month 1910 IQII 1912 1913 1914 IQI5 1916 1917 1918 
UEUTES 6 Se aa $1282. 1$2.30 “$1.09 $1-11 ~ $1.31 $1.54 $2.00 $2.55 $3.24 
OWOGAEY cows oo ce ee I.y2 2.40 1.89 1.16 1.34 1.66 2.12 2.56 3-43 
1 ee 1.92 2.38 1.88 1.16 1.36 1.66 2.10 2.60 3.66 
POUND ae iaveve aaa ie Ses > 6 2.04 2.38 1.94 1.34 La? 1.70 1.99 2.83 3.82 
LEVI GR cs vlets: «'s/e.r efare'a. 2.07 2.34 1.99 1.15 1.38 1.74 1.84 3.01 3-73 
SST hc ret as avalsteys.0. <0 2.6. 1.94 253 1.98 1.15 1.40 1.66 T2372 2.92 3-52 
WIELDS Mia Patio ati! oo e%<i's/ei's, aos win 2.04 1.95 1.82 1.18 1.48 1.53 1.74 2.82 3.83 
ONT ETE So AOpen 2.2% 1.07 1.68 1.25 1.50 1.50 1.87 2.91 4.05 
september). ....0...... 2.32 2.08 1.58 1.28 1.38 1.50 1.94 3.08 3.87 
ICEGDEE Ss oc he's oe e-ns0ie 2.34 2.12 1.43 1.25 1.25 1.58 2555 3.06 3.62 
November .......... EaeaO! 1.98 1.28 1.23 1.24 5 er 2.36 2.96 3-40 
December 0. iewe es 2.26 1.87 1.14 1.26 1.34 1.82 2.48 3-06 3.36 

Month 1919 1920 1921 1922 1923 1924 1925 1926 1927 
INCARTASE EN tetas (atcicolaa:pca.d > $3.19 $4.56 $1.64 $1.74 $2.35 $2.20 $2.80 $2.29 $1.97 
LG AS EE ne OR eee 3-18 4.71 1.58 2.02 2.51 2.30 2.80 2.22 2.00 
EGO ala levels) Sivie sieves © 3-39 4.64 1.52 2.24 2.65 2.25 2.70 2.08 1.97 
EERIMMEM etchant; <7ha'eiel.0 a5 3.56 4.48 1.40 2.32 2.85 2.20 2.55 2.11 1.99 
i le Ee 3.76 4.28 1.44 2.42 2.80 2.30 2.60 2.00 2.09 
EASIER aahs oce's.s ssi o.0 4.18 3.82 1.54 2.38 2.50 2.20 2.52 2.08 2.08 
BRUM UR oy wie vies vo oes 4.89 3.17 1.54 2.22 2.30 2.20 2.32 2533 2.02 
DAUR GN Dat wcteleva cis wees 0 5.18 2.87 1.68 1.99 2.15 2.16 2.30 2.20 2.08 
September ........... 4.62 2.90 1.69 1.89 2.13 2.00 2.30 2.18 2.01 
ORES “ote ac OGRE Saieeiae + 4.04 2.68 1.60 2.06 2.16 2.14 2.37 2.01 1.96 
November’ =... cc... 4.18 2.14 1.50 2.18 2.14 2.30 2.33 1.990 1.90 
WDBCEMIDET Te ciaistsyai0 vss 4.42 1-74 1.58 2.23 Dag 2.50 2.37 2.00 1.90 


* Prices 1910-25, U.S. Dept. of Agr. Statistical Bull. 15. 


Prices 1926-27, current numbers of Crops and Markets. 


Hay 


_ The amount of hay sold by the farmers of Minnesota has been 
based on the percentage of ‘the crop sold, as reported by the census 
for 1909 and 1919. For these years 4.6 and 6.1 per cent, respectively, 
were reported. In order to estimate the amount of the crop sold in 
the intervening years, straight-line interpolation has been applied to 
these percentages. For the years 1922, 1923, and 1924, the United 
States Department of Agriculture has reported that 8 per cent of the 
hay crop was shipped out of the county where grown. No estimate 
has been made since 1924 and an amount of 8 per cent has, therefore, 
_ been used for the years 1920 to 1927. The total production and the 
“amount of sales estimated in this way are given in Table 30. 
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Table 30 


Production of Hay, Percentage and Amount of Crop Sold by the Farmers of 
Minnesota, 1910-1927 


Crop year 
(August to July) Production* Percentage sold Amount sold? 
Tons Tons 
QUO SLO! crave cete hn ha avet s aneta Nala ovwtaleride ee Winvereretee Merc aetye io a 4.65 - 2 =) DE Seer 
ODO =F Laie Sys ereteeiete wienotonelun Sele’ eI ade eee 3,189,000 4.8 153,072 
IT EN et (a0 phate igs shes s pet atetstel eicta Cutten coe sree aap 2,974,000 4.9 145,726 
TIE S- CAs es nso SG sd Sah ee wie eats 4,707,000 ee 240,006 
OR ROT ae CHEAT aCe TAA tice te sor aa ta 4,613,000 5.2 239,876 
OD ARTS oi ta eilaic tain i cial svelte is lviaete sist on ateraiaiutete aa cist ets 6,073,000 5.4 327,942 
BOSE Ee Bi ios cra on dat oceanic pe eta tra = 8 5,812,000 5.5 319,660 
OATS rai aia caine tase tacere! aye osueys sly tas otpiiaisle are Anaul 6,384,000 Bev 563,888 
STL tonea al ay rakeaate Belin fenatapn a earionare ea ie eta cab n Bian 5,192,000 5.8 301,136 
RAST EN ED iets icy wna’ RUE che c, atte selene > yore, Gala ele Mays -e 4,685,000 6.0 281,100 
TES) RELIDD yk ACE EA ER CoRR SET REO PR EATS TERRE OMPEAR ree 6,746,000 6.1¢ 411,505 
TPO ea ted tects cieh cucinse’n Sires Oagaisr aime © ois aici oe ane ei th 5,884,000 8.0 470,720 
TORTI wg tases TS mateo ees, evans payer hare a 5,639,000 8.0 451,120 
TONS OW: JNA are de alten atarcaita tue igs helen avo raggelstcel eee? 5,639,000 8.0§ 451,120 
ple ay Bis Ee ae ae arvnicn Stee mee rine Cem ecr chet sito 4,869,000 8.0 389,520 
LQ Aad ial ithe nie bur isee st Ceeiametone tai Bate orn mie sichgees 6,319,000 8.0 505,520 
MOS HELO: ea ae ctyavenal va si area etna tient ae aye elite steve 6,227,000 8.0 498,160 
HO AGA s bw ia centers goictare helt ua chat etre: cae ident crete toe eae 4,233,000 8.0 338,640 
LOZ THO Skis oce awaits Seo ie wi atolls ovata ye teva Share ecera nets 7,906,000 8.0 632,480 


* U.S. Dept. of Agr. Yearbooks. 

+ For calendar year totals, see Table 32. 

£ 14th Census—Agriculture, vol. V, p. 722. 

§ Percentage shipped from county where grown, reported in Crops and Markets. 


The distribution of sales of hay by months has been based on the 
percentage which the receipts for each month at Minneapolis constituted 
of the total receipts of the crop year from August to July. These 
percentage distributions are shown in Table 31. 

These distributions were applied to the annual crop year sales, and 
the amounts found for each month together with calendar year totals 
are shown in Table 32. 

The United States Department of Agriculture has reported the 
15th-of-the-month price for five classes of hay, namely, alfalfa, timothy, 
clover, prairie, and loose, since October, 1914. For this period an un- 
weighted average of all five quotations for a given month has been 
taken as the general price of hay received by Minneapolis producers. 
For the period prior to October, 1914, the department reported the 
price of loose hay only. For the period before October, 1914, monthly 
prices for hay of all kinds were estimated as follows: The ratio 
between the quotations for loose hay and the monthly average of the 
prices of the five classes of hay was computed for each month in the 
period 1915 to 1917. The average of these ratios for each calendar 
month was calculated and applied to the monthly quotations for loose . 
hay from 1910 to October, 1914, in order to obtain monthly quotations 


{ 
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for this period, which would correspond to the general hay quotations 
computed for subsequent years. The hay prices derived by these 
methods are shown in Table 33. 


Table 31 
mem sty Percentage Marketings of Hay, Based on Total Annual Receipts at 
Minneapolis for Year August to July, 1910-1927* 


Month 1910 1911 1912 1913 1914 1915 1916 1917 1918 
BVT ATV Wa clot esas 7ecs 5 6.7 6.6 11.0 10.1 8.8 8.9 4.5 7.2 12.2 
RG UUUAT Ys 3:50 dis cesta 8.5 14.4 14.7 9.3 7.2 6.7 8.5 8.8 9.9 
INL EA fel, 0 tae ee Sn ae 8.5 11.2 14.0 8.1 10.0 9.2 9.9 10.2 13-7 
LSAT he oe & OCR REACT Ea 6.5 7.9 9.8 5.2 5.2 8.0 5.4 6.9 5.0 
lem ye eta ctea ei ic gece 7.2 Ferd 7.0 5.0 5.3 8.6 8.7 5.4 4.9 
SPO ris ees eicihs bese 6.3 3.9 5.4 7.0 6.4 wg 2 8.2 5-4 
PAA Me tracarsthe sup cleo ie se es ® 11.0 3.8 2.9 Bar 8.9 2.5 4.6 5.9 5.2 
PANTIES ee acs oho niesejai alee s.0 9-3 4.8 9.2 5.8 8.2 10.9 5.2 4.9 6.5 
MIG PES MADST I. es\ 2.610 /tue =i 0 7.0 4.8 10.2 2 8.2 6.5 8.8 6.2 7.8 
ORIOL Noid alesis cele ee 9.3 6.7 tis 12.3 11.8 8.3 12.2 10.9 8.0 
WNevenibér = :..0.....3. 6.4 7.8 11.0 T2271 10.0 Eras) 12.6 Tes 6.9 
BUCCETISED boc, <,c)2s-0 20-0 12.4 sa 8.6 12.2 10.7 12.0 8.7 10.4 10.6 

Month 1919 1920 1921 1922 1923 1924 1925 1926 1927 
PARIUAT ne. 20 sede ioisro ies 10.2 10.7 13.2 9.8 10.6 8.7 11.5 10.8 15.8 
REBEUALY si c's so estitieiee cis 13-0 11.0 9.0 9.4 8.4 10.0 9.5 8.9 T25 
Lenin) Se 10.1 8.5 10.2 10.9 12.3 13.2 10.4 8.0 14.6 
Jako kg See Cree eee 5.8 6.0 7.6 8.2 5.9 7.3 7.8 6.3 6.2 
ELEN eota ain Yuiioiis cs 's!.0 jo de 10.0 9.3 5.8 6.4 6.7 5.4 5.8 7.9 7.9 
[DSRC. Su SO ee ee 4.9 og 5.3 4.9 5-9 6.5 5.0 7.2 B05 
BESSY amma eye esterase e's +s 6.0 6.5 4.0 9.3 9.0 6.8 7.4 6.2 1.9 
INECROS? <i Ie tre ae art 5.6 8.2 8.1 7.5 6.0 6.2 7.9 Ss ae 
eptember wis... ee es 10.4 6.0 6.3 7.9 6.1 5.8 4.6 5.6 3.6 
OGPOber ee silent - 10.6 9.2 11.0 8.6 9.6 t2;5 8.2 9.2 LDA 
Wroaveniber.-.5. a0. eee 6.9 9.6 6.7 8.0 9.2 8.6 12.9 8.7 7.7 
ECOMpPCr= os ccs ete se 9.2 12.0 9.1 9.1 he 9.6 Trer 9.0 7.2 


* Computed from records of the Minneapolis Chamber of Commerce. 
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Table 33 


Monthly Farm Prices for Hay Received by Producers in Minnesota,* 1910-1927 
(Fifteenth of the month) 


(Per ton) 

Month 1910 IQII 1912 1913 1914 1915 1916 1917 1918 
CIES Et al eae $ 7.93 $12.61 $14.45 $ 8.06 $ 7.87 $ 8.32 $ 8.48 $ 8.40 $16.00 
PEDOMALY — asec acces 7:74 12.30 13.44 7.38 7.74 8.44 8.30 8.74 16.06 
PUR ARCEN ma cesitc tia) s.e/ele.ci mn ees, 2 FLL70"- E2029 7.25 7.72 8.40 8.82 Opu2i ns. 42 
Yoo! We SOCCER OP Rte 6.61 11.69 12.60 7.41 9.47 8.70 8.92 10.18 14.80 
IPS eee aia foie sknaceis 6.56 12.08 12.71 7.48 8.11 8.82 9.60 10.74 14.22 
REET eGR ic tivers. was cvs oo 7.91 12.57 11.92 7.79 8.50 8.72 9-92 10.76 14.06 
US ik: GPs rea 10.74 13.22 9.97 7.61 7.57 8.72 8.51 10.34 13.58 
BRIA RMN cnx wis.’ Sie e183 12.19 (* 13.28 7.59 7.30 7.68 8.18 7.86 10.08 13.64 
September . veces veces 12.27 13.10 7.20 7.67 7.42 8.16 7.98 11.30 15.54 
SEONEE ta rs/cieie iia sic sae £1.84 12:55 7.85 7.74, 8.26 8.18 812. 12:90° 45316 
November .......... 10.62 12.60 7.51 7.40 8.06 7.42 8.26. .. 43.20%. 25.82 
Decenibers 2.004.050 E727 13.69 7.66 7.78 8.06 7.80 8.08 13.56 16.90 

Month 1919 1920 1921 1922 1923 1924 1925 1926 1927 
Saetary les 5% 0k es -$16.78 $17.58 $13.06 $10.10 $11.14 $12.46 $10.94 $11.18 $15.48 
EBEMALY) dors. dicie aiciere.0 17.58 18.30 11.98 10.56 10.68 12.60 10.86 10.96 16.90 
MST MT te a revsys toi 17.82 18.10 11.28 10.40 11.06 10,22 Ir.72 11.34 16.70 
PAAR eyes y educa «8 19.72 18.50 10.76 10.76 11.56 12.00 11.68 11.20 16.70 
USE Se OM is aac e dis nite a s-0d0 aeOAn i XO.7 G2 6 DI-I2., 10.06. (2.42 11:90: 921.28) 425.42) 4 17.12 
TIGUCS OS - 0g a Oe TERN 22.16 18.58 10.22 10.66 12.16 11.82 11.40 12,92 15.50 
URSISS 2 oA Sen E708. 17-52 10.42 10.54 11.52 11.84 10.72 12.78 11.90 
CES ial re cha furia x0 b's » 16.74 16.28 10.08 11.08 11.46 11.96 10.56 13.20 10.60 
September .......... 16,10 15.86 10.06 9.92 I1.70 12.22 10.72 13.24 10.12 
(OT) cy deliGe CIA  s aaee 15.04 15.12 10.06 10.16 12.66 11.58 10.46 14.48 9.48 
MOVEMDER asc. . sja0s 16.32 14.49 10.06 10.42 12.68 12.04 10.40 14.62 8.98 
December: cv. cccees 37.80. 13.78 10.02 - 10:92 12.58 -11.52 . 11.60 15.46 9.28 


*U.S. Dept. of Agr. Statistical Bull. 15 and current numbers of Crops and Markets. 
Unweighted average based on prices of alfalfa, clover, timothy, prairie, and loose ha , re: 
ported by U.S. Dept. of Agr., October, 1914-1927. Price previous to October, 1914, estimated 
as explained in text. 


Potatoes 


Data on potatoes consist chiefly of records of annual production 
and monthly car-load shipments by states. Figures of car-load ship- 
ments are available for Minnesota since July, 1917. Sales of potatoes, 
however, consist of car-load shipments together with the amount hauled 
by farmers directly to towns and cities. As no data are available on 
the latter point, a detailed study of the crop years 1920 to 1924 was 
made in an effort to discover what proportion of the potato crop on 
the average is trucked into cities directly by farmers. To do this, 
an estimate of the total urban consumption of potatoes in Minnesota 
had to be derived. The first step in approximating this amount was 
the reduction of the population figure to the equivalent adult male 
basis in order that the annual consumption of potatoes of the average 
adult male could be applied. The urban population of the state in 
1920 was reduced to equivalent adult males by applying weights derived 
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from those adopted by the United States.Bureau of Labor Statistics.” 
As the census classification of the Minnesota population by age groups 
does not conform in all respects to the classification of ages used by 
the Bureau of Labor Statistics, the weights had to be adjusted to corre- 
spond with the census population.° As a result of this calculation, it 
was found that the urban population of the state in 1920 was equivalent 
to 882,738 adult males. The ratio of this number of adult males to the 
total urban population in 1920 was .8394, which was applied to the 
estimates of urban population for the years 1921, 1922, 1923, and 1924 
in order to secure the approximate number of equivalent adult males 
in Minnesota in each of these years. 

According to the cost-of-living survey of the United States Bureau 
of Labor Statistics in 1918-19, the average annual consumption of pota- 
toes by the equivalent adult male in the north central states was 251-67 
pounds or 4.19 bushels.17 The estimated total urban consumption for 
Minnesota for each year from 1920 to 1924 was obtained by multiply- 
ing this amount by the estimated number of equivalent adult males for 
each year. This total consumption of potatoes was supplied not alone 
by amounts trucked in, but also by car-load shipments unloaded within 
the state, for which data are available. When the amount of car-lot 
unloads was subtracted from this estimated total. consumption, the 
remainder represented the approximate amount trucked into cities and 
towns by the farmers. This amount was found to be close to 8 per 
cent of the total annual production in the years for which the detailed 
study was made, 1920-24. Consequently, for the years for which rec- 
ords of car-lot shipments are available (beginning with July, 1917), 8 
per cent of the annual production has been added to the car-lot ship- 
ments to make up the total sales by the farmers. In all of the com- 
putations, car-lot shipments have been reduced to bushels on the basis 
of an average of 600 bushels to the car, which, according to marketing 
specialists, is considered the typical size of car by potato dealers. ; 

A further observation cf the data compiled for the years 1920-24 
was that the car-lot shipments, as a whole, amounted to an average of 
46.7 per cent of the total production. If 8 per cent of the total annual 
production is ordinarily hauled into towns and cities by the farmers 
themselves, then approximately an average of 55 per cent of the total 
annual crop is marketed. In years before car-lot shipments were re- 
corded, 1910-1917, total sales of potatoes were, therefore, estimated 

15 United States Bureau of Labor Statistics, Bull. 357, p. 70. The weights are as 
follows: Adult male 1.00; adult female 0.90; child 11 to 14 years 0.90; child 7 to 10 years 
0.75; child 4 to 6 years 0.40; child 3 years or under 0.15. 

6 For use in this study, adjustment of weights to conform with census age groups were 
made as follows: Adult male 1.00; adult female 0.90; child 10 to 14 years 0.85; child 5 to 9 


years 0.61; child under 5 years 0.21. 
*T United States Bureau of Labor Statistics, Bull. 357, p. 113. 
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by taking 55 per cent of the annual production reported by the United 
States Department of Agriculture. 

The total production of potatoes in the state and the total annual 
sales by farmers, estimated by the methods outlined, are shown in 
Table 34. These amounts apply to the crop year, as indicated. 


Table 34 
Production of Potatoes, and Amount Sold by the Farmers of Minnesota, 

IQIO-1927 

(Bushels) 

Crop year 

(July to June) Production* Amount sold? 
JIQDRTCG | agctrg MORNtO-O8 Cpt IEE eee 13,420,000 7,381,000 
Maer ON RMSE cets) See Pc latches ey. csi ata ice Tous Wiels' oun Bisco aie bias 25,875,000 14,231,250 
eh Teo ea MEM ara ete vetcMatalas heise ciSiacels sessed opie were 33,075,000 18,191,250 
PAUP Te Neve e cto hate es) eis cl vials o)s.s eels e-nia sie seve 30,250,000 16,637,500 
SMSO SDE GREG GOSS Cee ee 30,780,000 16,929,000 
er eet sas tae cts vaio s'einici e's eT eve ole eine e 30,210j000 16,615,500 
PD CHEE MEN MEDS eta fal 7S TS 14 a ahoa'cece 0: v t.5; a.es0 ele. eve ewes 16,890,000 9,240,000 
eae Nec aVa eee ies oh oa gs sty go n2s, sloraseieali saieve 33,600,000 12,564,000 
PO 08 6 8 IES SS ee 32,760,000 16,726,000 
FN IRS ates TEM aa nv 2) egy ale (aaJs('n:%s) c's “a: o--3)i0(s, «74 aV'ai'arerene oe 28,884,000 15,544,000 
RE aed UEP fe Sele h cha hone Sarvs 0 y eipie a6 believe eee 31,581,000 16,848,000 
MR Mane ES PRN 20) 9 Soa) n. 305, cc ave si Sic eos aSom opens 32,250,000 20,326,000 
WEP | Sa StaGG ee GA pee re nes 43,740,000 20,849,000 
CD et! haa Sh Oe eee 38,304,000 23,223,000 
Ra ena, bali cic, Gia ab 3,0 bce lerdai d awd aie 44,880,000 22,606,000 
ERS Geni Gt oie. sya Sin eles «cpa a bien e/ane ns 26,772,000 15,985,000 
OR eee SE COM ee Tay oes sarek<ch od bse valelaye ee oe 29,800,000 17,273,002 
Ere eM UNE enacts fr eiaie kaye telat e pis. a 'avlasa aay seth ayo oliere 33,128,000 22,756,440 


*U.S. Dept. of Agr. Yearbooks. 
+ For calendar year totals, see Table 36. 


The monthly distribution of these annual crop year amounts from 
1910 to 1916 have been based on an average of the percentages which 
the car-lot shipments of each month were of the total amount shipped 
in the crop year July to June, for the years 1917 to 1926. ‘The per- 
centage figures for each year and the average for the nine-year period 
are shown in Table 35. Since 1917 when car-lot shipments were first 
reported by months, the only percentage distribution required has been 
one to apply to the 8 per cent of production which is trucked into 
towns and cities. | For this purpose, the nine-year average percentage 
has also been employed. 

The actual amounts estimated as sold by the methods above out- 
lined during each month of the period 1910-1927, together with calendar 
year totals, are shown in Table 36. 

Prices of potatoes used in this study are the 15th of the month 
prices paid to producers, reported by the United States Department of 
Agriculture. These are shown in Table 37. 
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Table 35 . 


Monthly Percentage Marketings of Minnesota Potatoes, Based on Amount 
Shipped in Car-Lots, for Year July to June, 1917-1926* 


Month 


1917 1918 1919 1920 

MAU ary: hs, oc aiieetn tastes ei ere, ieee rah 7.8 8.5 
DEUCAALY asc Seren Bn ny Cnty chee 9.2 5.8 5.3 
Arch ecdnen cree Ame tie oll ae ee cae 12.9 10.0 8.6 
QE Sos noi mr As ieee 8.1 6.9 4.7 
EI No) Ro PEARS RE ea 3.8 4.3 1.2 
Jae Shine | oto oer rae oe ie 1.0 1.8 0.5 
VR ae th oc aa. Sane ae oe Ss 0.4 0.4 0.3 
UV TS aa apc Ais Picci rebut is BRA Doe 8.0 13.2 11.0 6.0 
Nepremberai xs sea!.c ete sive weer ae 11.7 19.5 24.3 12.1 
ictane te sare <tc wim se nates eons einen 24.7 19.7 26.4 29.7 
IN MEMIBEL wintrce che ronan arate oa eee 8.8 7.4 6.0 14.3 
ISCeMne reer ite yee ee ee 4.1 Buz 3.1 3.9 
Month 1923 1924 1925 
PATUAL ahs Oo. cess a: ni cha dye srauhesiots, Ok P oea a kee 6.0 7.6 9.8 
lO DRiAt Yomi feat cece. eta oT OE 5.3 11.5, 12.1 
WATCH vse Bier. ciara sce ay eee a eee ae 14.6 11.4 13.2 
PRL bets setae ets ag Sleek concn Rae ro RAE eee 11.3 7.2 6.1 
SNES IS Sie eee el Ree ona Aan beam ear lam, aR SRG at 4.8 3.0 4.3 
BURRRVE: refit esa che tS Sah ee ek eA eae ee Oe 1.6 0.9 Lar 
GES her prc RO ERS RAC SE MBS ee ee ee whee 0.1 22 
PSTIRAIS targa des its oarooseocion STATS ee ee eR rie 1.8 11.5 
DeNtein Dera tenia Acs nennes tee LE ee 18.3 8.4 15.5 
Octobers. acc weasuriiaGitan ol ake, Cen mee ay Ey ee 20.3 
Nomembere vans. neem Bec anutotie ines user EE 8.1 11.6 6.3 
Decemberser ac. cacincctaeareten Ganesh eae oe ae 3-3 3.8 1 

* Computed from reports published in Crops and Markets. 
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Table 37 


Monthly Farm Prices for Potatoes Received by Producers in Minnesota,* 
IQI0-1927 
(Fifteenth of the month) 
(Per bushel) 


Month 1910 1QII 1912 1913 IG14 I9I5 1916 1917 1918 
AMATI Tm ct sholatsiiatets nicieis $0.34 $0.56 $0.68 $0.30 $0.52 $032 $0.58 $1.50 $0.94 
Mepruacy: = oehae a nents +34 0.58 0.78 +30 +54 135 0.66 1.85 84 
Maret ask snk eats erie “82 0.58 0.90 .28 “54 rar 0.71 2.05 -63 
DERE ee oe, .ticaines eaeeaa alc .26 0.62 1.04 2 .52 .38 0.72 2.26 «50 
sg ge er cee oe ge ee «| 0.66 1.04 .28 “52 -40 0.70 2.46 -49 
Ntiate. cehae ata aie goals ters -24 0.80 0.90 25 “59 -40 0.72 2.33 58 
Niityou naa warn sane ee ee 44 1.08 0.72 .36 -64 .46 0.73 1.85 80 
PATIBUI RE oan neve trisha als. .80 1.05 0.50 .46 -56 42 0.90 TX7, -94 
September «....s:005. -90 0.76 0.34 “45 -46 +30 I.00 0.88 -92 
Wictober 4 esterase’ -76 0.57 0.28 -49 -37 -30 1.11 0.96 82 
November <=. 5.0 seca a0 -65 0.54 0.27 .50 aaa -36 1.28 0.98 ora. 
December- «25 .4..5...% 0.59 0.62 0.29 0.52 0.31 0.44 1.35 0.92 0.75 

Month 1919 1920 1921 1922 1923 1924 1925 1926 1927 
asa IATY: Yes avers tects eks $0.78 $1.08 $0.74 $0.90 $0.34 $0.50 $0.37 > $roGseesra4 
MeprMtary oo sc tise tives 0.72 2.30 0.62 -95 +34 0.49 0.40 1.90 1.10 
AVMCISON A Ao, tec tease rthelihe cee 0.69 2.73 0.56 .89 +36 0.55 0.40 1.90 1.00 
Taio ch tla ae errep eRe ary aS Pal 0.80 3.46 0.50 83 +42 0.56 0.38 2.20 1.00 
Mayo. inten steamers ufos 0.84 3.84 0.38 .86 -43 0.56 0.39 1.90 1.20 
AMO, Ser scie Mecatse tice: yore 0.80 3-44 0.38 -92 44 0.70 0.46 1.50 1.65 
MEY. be aiao.d.t a aete reece as 2.65 1.06 88 +70 0.93 0.94 1.80 1.80 
Augist 5.008 .ccoelswin a 1.72 1.89 1.60 66 .80 1.04 1.12 1.40 1.40 
September qos cacie 1.50 1.21 1.28 +44 -60 0.57 0.87 1.10 0.85 
October ore. tngeeclele 1.50 0,83 1.00 134 +43 0.35 0.99 1.00 0.65 
November 2a cucceahe sree 1.53 0.77 0.92 32) -44 0.32 1.80 1.25 0.60 
December: ois senteudicce 1.62 0.79 0.86 0.34 0.48 0.34 1.82 1.10 0.60 


* Prices 1910-25, U.S. Dept. of Agr. Statistical Bull. 15. 
Prices 1926-27, current numbers of Crops and Markets. 


Hogs 


The actual numbers of hogs sold to packing plants and stockyards 
each month from Minnesota have been determined by the Division of 
Agricultural Statistics, Minnesota State Department of Agriculture, in 
co-operation with the Division of Crop and Livestock Estimates of the 
United States Bureau of Agricultural Economics, for the years 1920 
to 1927, inclusive. These data represent the shipments received at 
central markets from Minnesota points, together with the number sold 
by farmers directly to local packers. Hogs sold to buyers at concen- 
tration points are also included. Duplication caused by reshipments 
is offset somewhat by the fact that sales by farmers to retail slaughter 
houses, local butchers and other similar buyers are not included. 

For the years 1910 to 1919 the estimated number of hogs sold by 
the farmers of Minnesota has been based upon the average ratio which 
was found to exist, during the years from 1920 to 1926, between the 
receipts from Minnesota at South St. Paul and the total number of 
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hogs sold from Minnesota during the same period, as reported by the 
Minnesota State Department of Agriculture. This ratio was then 
applied to the receipts from Minnesota at South St. Paul for each 
year from I9I0 to 1919, to obtain the estimated number of hogs sold 
annually for the entire state. Because of the increasing tendency in 
recent years for packers to buy livestock outside of central markets, 
this method would tend to make the estimates high for the earlier years. 
The average ratio, therefore, was adjusted slightly to offset the in- 
accuracy. 

The hundredweight of hogs sold has been found by applying the 
average weight of hogs marketed at South St. Paul in each month to 
the actual number of hogs marketed by the farmers of Minnesota in 
the corresponding month of the period from 1920 to 1927. For the 
earlier period, 1910-1919, the average annual weight of hogs marketed 
at South St. Paul was applied to the estimated annual number sold, 
to obtain the amount sold in hundredweight. 

The number of hogs sold annually by the farmers of Minnesota, 
and the hundredweight estimate as above outlined for the years 1910- 
1927, are shown in Table 38. 

Table 38 


Estimated Number and Hundredweight of Hogs Sold by the Farmers of 
Minnesota, 1910-1927 


Year Number of hogs Hundredweight 
TART EPP eee cia T evel y ico © pie sicic 6 «pic: 6 ee lise sie see 1,111,598 2,501,096 
Py MR ST eee eV arcs is, «ls sieve: sisqe.svoitele sivale oes s.8 1,307,854 2,851,122 
SDs Lica MSNA wit cle letfere yp tectiess avers a sja-e's ovslv sie e/d\6c0 oie sieeve 1,408,112 3,168,252 
TOG ec 4 OSA Oe 1,689,328 3,902,348 
De aes UNE ARPES occur) cick eco. voc cleo c.aleieve.vieiseelsiaers oe 1,800,032 3,978,071 
MR Uh co MME eel stoke, t)ciislisie. Fras /oys.2u0)'010\'6i-01 os) eudh'e.e sieus.eselecere 2,241,012 4,482,024 
ATOR era aoa cena a, 0's 0 co) avei's. aval sonatas vee eiaeve 2,745,722 5,381,615 
SMI Ee eicia sCahe sis sie x suelo ajele's a sie a e.cieve eee e 2,093,158 3,851,411 
MIT 665i o.6 sone 's oe 8G pwd epee sees ee 2,457,649 5,062,757 
EER ya H aS) cic on fo 'oie! shave" (lp et issaie.gie felis wie's 2,596,320 5,763,830 
PRES MEMIMNALAI RISES Laliat'e sis. ei accis seis steele wie wiehelne la bie.avel a 2,037,200 5,768,309 
FE A MEME ae ei cl'er sos) eis. s\n. scene, vio (eis fe'visieueie'eliere 2,914,511 ; 6,194,782 
Paige oN Rot Sista Sie a 6) aye 0.610 wa) a's! oa 0,0" sho ol SAPs. 3,395,893 7,742,296 
Sat eI pitts els. # sosieit fle eie ses de se eilewdes 4,405,793 9,506,368 
ee RE RRL act ey ols nial si ascvesin's eg lai ais'aile eae 4,778,821 9,951,804 
RS ca RMPETNET SE fo 2s igh ce o[o b1.c 2! ele (0:0 ee: 60 eile see) a's.e see's 4,372,370 9,395,234 
Ris aN Tatar, cisiecaie. ures (6s e(s'a\ se pone use eae scale 4,543,189 9,855,076 
TOEH 44 citing SUIS AIO Ieee Ristareb Pesretens aieke oare exe 4,684,401 10,173,278 


* Minnesota Crop Reporter, March 1929. For the years 1920 to 1923, inclusive, final 
figures were used. For 1924 to 1927, preliminary figures were used which have undergone 
slight revision subsequently as published in the reference cited. Numbers for 1910-1919 esti- 
mated as explained in text. 
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A monthly percentage distribution is required only for the annual 
amounts of the years Ig10 to 1919, and for this purpose the average 
percentage of hundredweight sold in each month of the period 1920- 
1926 has been used. This percentage distribution is shown in Table 39. 


Table 39 


Monthly Percentage Marketings of Minnesota Hogs, Based on Receipts (in 
Hundredweight) at Central Markets, 1920-1926 


Month 1920 1921 1922 1923 1924 1925 1926 Average 
NAMA yc oceecre tas 12.6 11.8 10.7 11.7, 12.9 12.9 11.3 11.9 
ebritaryvan= pis aren csourts 10.1 11.2 8.2 9.3 10.0 10.3 8.5 9.7 
Mearchy Shicteniare cers ins 9.5 8.1 7.2 9.3 9-3 8.0 10.0 8.8 
PIL OA ha eas Datel vie 6.8 6.7 6.1 6.8 8.4 8.1 7.3. 7.2 
Wye isha excrete opera 6 ave 9.7 7.8 8.9 8.1 7.4 6.9 TES} 8.0 
URE uci Sessece cs axegje ts 9.4 7.8 II.1 8.1 7.7 wae 7.3 8.3 
IAGLYC ceerenls Viiv wareiety nes 6.0 5.6 6.7 6.8 7.8 5-7 8.1 6.7 
SA TIOTISE Mele nccre sists fers 4.0 5.5 5.3 4.7 4.3 3.8 5.2 4-7 
September ......... 4.0 4.6 4.4 4.6 3.6 An7 4.8 4-4 
OBEODEr. a ieag ee as oar 8.3 7.6 8.2 5.8 8.3 6.5 7.5; 
November ........+% 9.7 be ae} 10.8 10.4 8.5 10.3 9.5 10.1 
December .......... 10.6 rr.3 13.0 11.9 14.3 13.8 14.2 12.7 


The average percentage distribution was then applied to the annual 
sales in hundredweight for the years 1910-1919, and the monthly 
amounts which resulted, together with the data for the years 1920- 
1927, which were given originally by months, are shown in Table 4o. 

The prices of hogs used in this study are the monthly farm prices 
for the 15th of the month, reported by the United States Department 
of Agriculture. These are shown in Table 41. 
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Table 41 


Monthly Farm Prices for Hogs Received by Producers in Minnesota,* 
IQIO-1927 
(Fifteeenth of the month) 
(Per hundredweight) 


Month 1910 I9II 1912 1913 1914 1915 1916 1917 1918 

PF aga era iats, atatdlstaya ni « $7.80 $7.30 $5.60 , $6.80 $7.20 $6.40 $ 6.10 $9.30 $15.50 
PEDRUAEY a, Ast micwicine« 8.00 6.80 5.80 7.20 7.70 6.10 7.10 10.80 15.30 
DEE CH 4 + Shgtna a ean seine 9.50 6.30 5.90 7.80 7.70 6.10 8.50 13.00 16.00 
OA BET te Soir. weeathe aoatave 9.40 6.00 6.80 8.10 7.80 6.30 8.40 14.60 16.20 
PURER a 5 Ui les Suga are w eet a 8.50 5.40 6.70 7.50 7.70 6.60 8.60 14.70 16.20 
Mies cenrcian yavcls etiamutes 8.60 5.30 6.70 7.60 7.30 6.70 8.50 14.50 15.70 
(LE els Ras, ee ain Ro 8.10 5.70 6.70 7.90 7.50 6.60 8.60 14.00 15.90 
GANESAI EE 2-5) aera Redes ae 7.50 6.40 7.10 7.70 8.00 6.20 8.90 15.00 17.50 
Septembersgs ss. sya oka: 7.80 6.40 7.50 7.40 7.80 6.40 9.50 16.70 18.30 
REGED Feds ds Were ets tin 7.80 5.80 7.70 7.40 7.20 7.00 8.60 16.60 17.10 
November. 3. 2.2. 5.50.5 7.20 5.60 7.20 7.00 6.70 6.10 8.70 15.30 16.30 
Wecembet. aus.ctewieuseuce 6.90 5.40 7.00 7.00 6.40 5.60 8.80 16.10 16.10 
EEE eee 

Month 1919 1920 Ig21 1922 1923 1924 1925, 1926 1927 
ANSTIAU VR © stwits ate cliere Pein. $16.20 $13.30 $8.40 $6.50 $7.60 $6.20 $9.00 $11.00 $10.90 
Bebridary Wk Sates nie vakaress 16,00 13.40 8.30 8.60 7.40 6.10 9.30 11.70 11.00 
UNE AROM Dorr uonerstemerorniateanare 17.00 13.60 9.00 9.30 7.30 6.30 12.20 11.70 10.90 
7.505) 91 Ue RSA Pr BEREC Oe 18.70 13.60 7.70 9.10 7.30 6:30. 1190 “It:gel 30030 
IVAN 210 er eysencxst male te saate 19.10 13.60 7.60 9.40 6.90 6.40 10.80 11.80 9.30 
4 fee CAT oe Pen eg ee ere eee 18.70 13.10 6.80 9.30 6.00 6.20 10.90 12.80 7.90 
Why ohare: gucxtevegy ous ahs 20.10 13.30 7.70 8.90 6.10 6.20 12.00 12.30 8.10 
WAGetsti eee re es inet ekO 70 13.40 8.50 8.10 6.50 8.60 12.20 11.10 8.60 
September © .y.ieeus es ae 15.50 13.90 6.50 7.70 7.50 8.30 11.40 11.60 9.40 
CEODEE.c Vo Reece? ue eee 13.50 13.00 6.00 8.00 6.60 9.10 II.00 11.70 10.00 
INGVEMDbEte ae ciscutevcis 13.10 seat 1200 5.90 7.40 6.10 8.40 10.40 11.20 8.60 
December .....-. Te LesO0. 9.00 6.00 7.40 5.70 8.00 10.40 10.80 7.80 


* Prices 1910-25, U.S. Dept. of Agr. Statistical Bull. 1s. 
Prices 1926-27, current numbers of Crops and Markets. 


Cattle and Calves 


The numbers of cattle and calves sold monthly by Minnesota 
farmers have been furnished also by the Minnesota State Department 
of Agriculture, for the period 1920 to 1927. For the years 1911 to 
1919, the marketings of each were estimated by applying to the receipts 
at South St. Paul from Minnesota the average ratio which existed for 
the period 1920 to 1926 between the total number marketed by Minne- 
sota farmers and the receipts at South St. Paul from Minnesota. Re- 
ceipts of cattle and calves were not reported separately in 1910. Sepa- 
ration was made by applying to the combined receipts of cattle and 
calves for 1910, the ratio which existed between receipts of cattle and 
calves for the period I91I to 1919. Estimates of the hundredweight 
sold by months were made by the same methods as those used for 
hundredweight sales of hogs. 
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The number of cattle and calves sold by the farmers of Minnesota 
together with the estimated number of hundredweight are shown in 
Tables 42 and 43. 

Table 42 


Estimated Number and Hundredweight of Cattle Sold by the Farmers of 
Minnesota, 1910-1927 


Year Number of cattle Hundredweight 
Res ARE sae Cate Uttam ¢. gislttis.cce, alcvercheis aes mio aca ars 00 eee 303,769 2,411,926 
TIMES api a Me aoe oe SAA EEC eon er 369,744 2,909,885 
eR MT Mia aot Sie fltesl Gs x) py aris) f= 'eie) exw e ss ace ew ele on 370,592 2,946,206 
Seapets oe tere ete coy dria is \c'"oye. sisviplin'io.le e.e\lere el sa. 8 344,592 2,729,168 
ive 3 Soo “RR EG) Ea Se 392,695 3,204,391 
Rae aa Metalic VSN c Va'vcy wb hn'ioi o, s'e, oils oe mcao.s 0 9 wees 622,738 5,025,496 
20 a coe SSE SBS eee ed 643,630 5,142,604 
Rs ERNE RE entre ately, ovis sv eevee oe 9) vila Wis pre ve ee 706,372 5,318,981 
Bo Se eee 783,633 6,041,810 
a EES Ve eNG ITs che al/s\a-o's).s, eine), e-0 ae cles sibvess 6 651,502 4,970,960 
DERIEM 0 od Acro On OI CSCO Ree Cen 632,642* 5,156,194 
a eee Peter acetal 0 c)-s) «ea fo) 6. .4) s'eiisiae vee e/neie'e wiaie 507,861 4,188,970 
ee eR os 5G a. ca'na E in| Satis) we ahs. wie sh aye. a\o' 625,962 5,194,497 
HEIR on soi ene bo Gane OSI ae ene 563,726 4,671,856 
est EER etoile ciavetoisc cleg iss weiee o 8 ste sree 567,336 4,904,910 
TRE 45 deb enged OAc toe ge 612,456 5,348,937 
08 ane do fno Se 32a eee 735,562 6,416,757 
eae NE CES Pe sree Sia ao <i aiin are, oyd x idee) 5 aye noe apes 655,424 4 5,758,518 


* Minnesota Crop Reporter, March 1929. For the years 1920 to 1925, inclusive, final 
figures for cattle and calves were used. For 1926 and 1927, preliminary figures were used 
which have undergone slight revision subsequently. Numbers for 1910-1919 estimated as 
explained in text. 


Table 43 


Estimated Number and Hundredweight of Calves Sold by the Farmers of 
Minnesota, 1910-1927 


Year ; Number of calves Hundredweight 
Tyo B) 2.0) hte: Nid cng) Sats CRE ee OnE can ee Cn 135,212 221,748 
MMMM EMETEEINSNT siclictuTave\lefelals\ cls v visieicie'¥ sr 06s ticles wiee snes 110,408 188,798 
Fd eR MERE eet atis = elie (o/c civ'el's <)pi'e\'e e\n)ei ave", 0 & 0, e1:'e epi cieie 117,478 209,1II 
QS sisisieleie tw sels cr vee rns cect sect eeeseneee 99,114 206,157 
DOTA rie ve es cee eee et eee reer eens trees cece 105,904 241,461 
Rs Ee arose whats ss law Suies wselaisiaie ctendie 131,199 279,454 
FAS OM NR aS Pe TC nary Se 6) 51,000) via. 0! 0d vip eleie ee sie'6:6 164,468 314,134 
Re Ohare a ions oe e)eiv toe giaivisieieie cis tieles bee 179,345 365,864 
POPE so04 on dol oo BRE eEs BOB DEIOn aIeSeIeina icin, 223,590 427,057 
FEES MSE etc etr oeley eiefola le) ess) em vie 8 le tise, 0 10 0 aselele elena 266,838 381,578 
TES MMM TATA MN ae oh ciejsicleleivicce ie te (eles ele vies nlee seis wines 336,343* 449,479 
PRCT TM ici sis clas sle.cia\eipinin vies aU rains sc acthne sas 316,047 432,495 
So EMS eh celine cl(cicls bie clei cials ows vee cin cee eesle ct 424,456 593,173 
STP ca sate etslt- cl a)ie 6) (oo. -.) =e) vie) 8 sees o/s/a.e vlers eae ss tie 453,465 621,510 
i, See din OG GOI a IMS Iter cea ohay a ia acienet sata ese. apt) SL3,030 642,650 
LOWS: racoosg Aba GeesiO CRORE On RC 619,925 777,700 
EG2ZOUMES, aclsis sins Btls nad SUR GeR EES ae eee ee 690,306 844,977 
BV Rs Te oie, w one em nieiaial(ssiele\eleiele jn alata aise sees 638,502 798,545 


* Minnesota Crop Reporter, March 1929. For the years 1920 to 1925, inclusive, final 
figures for catt le and calves were used. For 1926 and 1927, preliminary figures were used/ 
which have undergone slight revision subsequently. Numbers for 1910-1919 estimated as 
explained in text. 
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The percentage distributions used to derive monthly sales for cattle 
and calves separately for the period 1910-1919 were the averages of 
the monthly percentages of hundredweight of each sold during 1920- 
1926, shown in Tables 44 and 45. No percentage distributions were 
required after 1g19, as the data were available by months. 

These average monthly percentage distributions were applied to the 
annual number of hundredweight of cattle and calves estimated as 
sold in the years 1910 to 1919, to determine the monthly sales of each 
in these years. The amounts thus derived, hundredweight sales by 
months from 1920 to 1927, together with calendar year totals, are 
given in Tables 46 and 47 for cattle and calves, respectively. 

The prices for cattle and calves are the 15th of the month prices, 
reported by the United States Department of Agriculture. These are 
shown for cattle in Table 48 and for calves in Table 49. 


Table 44 


Monthly Percentage Marketings of Minnesota Cattle, Based on Receipts (in 
Hundredweight) at Central Markets, 1920-1926 


Month 1920 1921 1922 1923 1924 1925 1926 Average 


ARMA TY: oe sin «kil holon 9.6 10.2 7.6 10.5 9.0 9.4 8.5 9.3 
Bebra ocala ws ore 9.2 rae reo 7.7 8.1 8.5 ae 7.9 
IMac se sustets tera wrseos sae 10.9 Tra. 9.6 8.4 8.9 10.7 9.2 9.8 
PRE HAN aoy ei coaiaiala diet mieete Pes vhs 7.9 8.0 9.5 9.7 8.0 8.3 
Macy tovteracn aoc euse 7.0 8.0 8.5 Wes 8.0 7.9 8.3 7.8 
ees hrstartiatecatsieessiere 5.0 6.8 6.5 5.9 6.0 5.8 8.2 6.3 
IPL > oialng ap aieete sin 4.9 3.6 Va} 6.5 7.2 Pe 7.6 6.0 
AS OUGES Tec wiae sinus ate 8.2 8.5 9.2 7.6 5.3 5.0 5.2 7.0 
September .......... 10.7 7.3 8.3 9.1 6.7 7.1 7% 8.0 
OctObEE > Win ag estates 10.3 Mere 10.0 11.2 9.8 10.3 10.1 10.5 
November .......... 10.8 10.9 9.4 8.5 10.4 9.3 xTey 10,1 
December =.i5. sie se sve 5.9 6.9 8.0 9.3 Tice 112 9.4 8.9 
Table 45 


Monthly Percentage Marketings of Minnesota Calves, Based on Receipts (in 
Hundredweight) at Central Markets, 1920-1926 


Month 1920 1921 1922 1923 1924 1925 1926 Average 
Vasistary fo. ay. wseeniecots 7.6 8.4 Wee 9.2 8.6 7.4 8.1 8.1 
Bebraary © Aue serait 8.9 8.8 7.4 7.2: 8.3 7.8 8.4 8.1 
Whaeehy 2.0 SA dats enone 12.2 12.1 9.6 8.0 8.6 9.8 9.4 10.1 
Aprilia: Sane casinos se 10.4 8.2 8.6 9.3 10.0 10.7 8.8 9-4 
May ='a.6: 20's. 2ietane anrlance 9.5 10.0 10.1 13.9 10.6 9.8 9.2 10.4 
UTES Key te nek SOs et ret Peay 1.7 I1.3 9.9 9.5 8.3 8.4 8.8 9.7 
Ly. Sova ot eenotereckeroess a5 6.2 8.5 ee} 8.2 6.3 6.8 Wise 
AMEUSE waissotaie her cantere 6.4 6.4 7.6 6.8 eos 5.0 5.5 6.1 
September (2.606. cme 5.5 5.8 6.1 5.6 6.3 7.1 6.4 6.1 
OEtODER cient scapelererters 6.5 7.4 9.0 8.5 8.8 8.8 9.0 8.3 
Noventber: 2... cise 7.8 8.7 8.7 7.9 ce 8.4 10.0 8.4 


Decemberi 0. susie stsrete 0.3 6.6 7.3 6.8 9.8 10.6 9.5 8.1 
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Table 48 


Monthly Farm Prices for Cattle Received by Producers in Minnesota,* 


1910-1927 
(Fifteenth of the month) 
(Per hundredweight) 


Month 1910 I9I1 1912 1913 1914 
UATE rs $3.00 $3.70 - $4.00 $5.00 $5.60 
EDTNALY oosire ws Aig fens de 3-90 4.00 4.10 5.30 6.00 
UNIT Mes areas’ sie\s, ain cae 4.50 4.20 4.00 5.80 5.80 
MRAP LC We Pacy iss sna receleye ase 5.20 4.00 4.50 5.90 6.00 
Dc oeee rats ces o/+s s-ers.s0e 4.60 3.90 4.80 5.80 6.20 
UCTS Sheu 4.50 3-90 4.60 5.80 6.10 
OLY of VCS OS ni ea 4.00 3.60 4.60 5.40 6.00 
BAA SUISSE mca te) ae vais ci asin, a/ 3-70 3.80 4.60 5.70 6.10 
September ost. ects a ss 3.70 3.60 4.80 5.70 6.10 
SPELOD ETE Sires > eis leer <0 3.60 3.60 4.80 5.70 5.60 
November ........... 3-70 3.60 4.80 5.70 5.40 
IDECEMDER | Glcc een cs « 3.80 3.80 4.80 5.30 5.20 

Month . 1919 1920 1921 1922 1923 
NAQATATIS ecretatescfers sie ores $9.00 $8.30 $5.40 $4.20 $4.70 
Bepriany. cio... enOLLO 8.10 5.20 5.00 5.10 
NPAT CIN Malev teleretete a s.s. 9.90 8.20 6.00 5.00 5.20 
PASYIDEGs is efets te svsisve-s srs 10.20 8.40 5-30 5.00 5.30 
NILES 66 SERIE 10.30 8.40 5.50 5.10 5.50 
i) SG (Cd Seite: Cereenene 9.80 8.50 4-90 5.50 5.50 
LIE ISS a eee 9.60 7.90 4.80 5.10 5.40 
PERUSE iatstcl sie (a efsvevs ae 9 9.20 7.50 4.80 4-90 5.20 
Meptemper Vn... «es 8.10 7.30 4.60 4.80 5.40 
WCCODEN eile nce ede o 7.50 7.40 4.10 4.70 4.90 
November .......... 7.50 5.70 3-90 4.40 4.40 
WMECeMPeH eft ci. ae es 7.70 5.00 4.10 4.50 4.60 


* Prices 1910-25, U.S. Dept. of Agr. Statistical Bull. 
Prices 1926-27, current numbers of Crops and * Markets. 


15. 


1915 1916 1917 1918 
$5.30 $5.30 $6.10 $7.60 
5.30 5.50 6.80 8.20 
5.50 6.00 7.80 8.30 
5.50 6.20 8.20 9.30 
5.90 6.10 8.00 10.10 
5.80 6.70 8.30 9.60 
5.80 6.30 7.70 9.70 
5.50 6.10 7.50 9.00 
5.40 5.90 7.60 8.90 
5-40 5.70 7.50 8.30 
5.00 5.70 7.30 7.90 
5.00 5.80 7.30 7.70 
1924 1925 1926 1927 
$4.80 $5.20 $6.10 $6.30 
4.80 5.30 6.40 6.50 
5.10 6.00 6.40 6.90 
5.40 6.20 6.60 7.20 
5.60 6.70 6.70 7.20 
5.50 6.40 6.60 7.40 
5.40 6.40 6.60 6.90 
5.70 6.30 6.20 7.20 
5.60 6.10 6.50 6.70 
5.30 6.40 6.10 7.30 
5.40 5.90 5.70 7.60 
4.60 5.80 6.00 8.00 
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Table 49 
Monthly Farm Prices for Calves Received by Producers in Minnesota,* 
IQIO-1927 
(Fifteenth of the month) 
(Per hundredweight) 


Month 1910 IQII 1912 1913 1914 I9I5 1916 1917 1918 
PANUsEy ease cee $5.80 $5.70 $5.90 $6.70 $7.80 $7.20 $7.20 $ 9.00 $11.00 
BEpHarys ec sae ee 5.70 5.70 6.00 6.90 7.60 7.20 7.80 10.00 10.70 
AVIASCMy ote rorrelna there mrias 6.40 5.80 5.70 7.30 7.30 7.10 8.10 9.60 10.80 
SA SIEEL Ak. crane char Siveefes in 6. bce 5.70 5.20 5.70 7.40 7.50 7.00 7.90 10.50 11.30 
OMT ayricat: tices toiicte sincere 6.00 5.10 5.70 7.20 7-40 7.00 7.90 — 10.30.) 21.90 
FUHE Ae sitemap cise 5.60 5.00 6.00 7.50 7.40 7.30 8.20 10.60 11.60 
MS Ml Sorte irarncee ieee 5.70 5.00 6.00 7.70 7.40 7.40 8.50 11.00 12.10 
AUTOS. clepeuvsuaiateais states 5.80 5.10 6.20 7.10 7.90 7.20 8.70 10.50 12.20 
September -22..20:.0%% >) 5.40 5.40 6.00 7.40 7.90 7.40 8.70 ~=11.10 12.80 
October ecic~tssmesea ee 5.70 5.30 6.70 7.40 7.60 7.60 8.40 II.10 12.60 
November ~sijerciee niee-sis 5.40 5.40 6.10 7.80 7.40 7.10 8.40 10.10 11.60 
December «.j25 5% ste as 5.80 5.30 6.60 7.50 7.20 7.10 8.60 10.90 12.00 

Month 1919 1920 1921 1922 1923 1924 1925 1926 1927 
POUGALY) Leis nis ste $12.50 $13.30 $8.10 $6.40 $7.30 $7.60 $7.50 $9.40 §$ 9.60 
Bepruary: - ees sem « 11.80 13.00 8.00 7.20 7.30 7.60 8.00 9.60 10.70 
IAT avs /etensperctatata ats is 12.70 12.60 7.90 7.20 7.10 7.60 9.20 10.20 10.50 
SS ee ite ots Sao 12.90 12.00 6.20 6.60 7.00 7.60 8.60 9.20 10.00 
2) Ey Soe ater nes eae ee 12.20 10.60 6.70 6.90 7.50 7-30 8.10 8.70 9.60 
MREER Cs rs sett tetnl a: cco ventas se 12.45 I1I.10 6.20 7.50 7.10 7.20 7.80 9.90 9-70 
Uitte SR Aaemonoou GO ts 13.30 10.50 6.30 7.00 7.60 7.30 8.40 9.60 10.00 
USUSE se neki ee 13-30 11.40 6.40 7.30 7-70 8.00 8.40 9.40 I1.00 
September .......... 13.60 11.99 7.50 7.90 8.30 8.00 8.90 10.30 11.20 
October sic crumieianie ates 13.10 10.40 7.20 7.90 8.20 7.80 9.60 10.30 11.60 
November ........+. 13.00 10.10 6.00 7.20 7.00 7.00 9.20 9.10 10.10 
December! (2. eraie-wleceaie.e 12,90 8.30 6.20 7.30. 6.90 6.70 8.80 8.70 10.20 


* Prices 1910-25, U.S. Dept. of Agr. Statistical Bull. 15. 
Prices 1926-27, current numbers of Crops and Markets. 


Lambs-Sheep 


The combined numbers of lambs and sheep sold. to packers each 
month from Minnesota have been compiled by the Minnesota State 
Department of Agriculture for the years 1920 to 1927. These figures 
are somewhat high for our use because of the inclusion of shipments 
from feeding stations, located at points in southwestern Minnesota. 
These institutions receive sheep from the range, fatten them, and reship 
to market. Feeding stations are not farms, and it is a mistake to 
include their product in farm receipts, but it seems impossible to make 
any separation. At present the business is not large and does not 
greatly detract from the accuracy of the data. The records of these 
data are for lambs and sheep combined, and no effort has been made 
to separate the numbers of each. The average weight per head, as 
reported for South St. Paul, did not distinguish between lambs and 
sheep, so that there seemed to be no objection to the application of 
these weights to the numbers of animals reported. The methods fol- 
lowed in estimating the number of lambs and sheep sold from 1910 
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to 1919, the number of hundredweight represented by these animals, 
the percentage distribution by months during 1910-1919, and the num- 
ber of hundredweight sold during each month from 1910 to 1927, were 
in all essential respects the same as those outlined for hogs. These 
data are shown in Tables 50, 51, and 52. 


Table 50 


Estimated Number and Hundredweight of Lambs-Sheep Sold by the Farmers 
i of Minnesota, 1910-1927 


Year Number of lamb-sheep Hundredweight 
AMER OMT tata ahevere staid ancre/'s "so ofc’ aio alc; os .0\ei6ale.e’e’s a 6 196,765 161,347 
NOM ssGeisien s SieiakalseetValiaisiaiclcysicls hive pi'v\o/s's a) S7ei0le, 0/9) 200,573 168,481 
Tee. 20 abl Lala ERS Se 222,620 189,227 
OS Ts Sacer PEMMMEM eT ato leyal wisi pcae sare) s a: ett nore ob 170,481 139,794 
POW 5 Go ddkd Ob 5 dee CEOS Ce eee ae 208,187 176,959 
ARM Ee Te eta cet) = Sia s\ig.'esere! eisi-e' et wiv aa, 6, gone aie #.'eeel 168,462 136,454 
oe ALS 0G 139,922 117,534 
Ne REM TONGITE SHS ees 00's 'e, sx0 coe bios 0.cleis,s-eie\e nets s @ 115,063 97,804 
i en as ta Ee 177,355 148,978 
ee BIR eile eh crcol'a\ dat <-siw'id ns avein.jo) ns 08 (ots © pide ws « 310,994 239,465 
I ey iele ais cyetoo, o) ovale ceya\are'ese « @alasa, ane ace 308,775* 232,718 
AES oa vos SSNS 85g io 5 er nce aon nea 315,599 242,461 
Soo MINDS oe TerS. h.s 0 aia) shoes. \ce oietelojeceise-s\e 0 8-3 ace 294,845 220,325 
pT TET T GT e sg Tey ha ao) a0cs's a) a are) 3 ete Saas, we a wee 210,737 173,682 
eer es Peet aes) cx pcr, 8. vivo evsusiese « ayare.8 ves se 261,932 210,966 
efile so ore am cine. 5 0, 8din e's) ee fled oslo le 281,011 227,567 
i PMR ihe ce ohio ose c.afaieieie.s sisibialeie tie regulon sae 379,167 337,676 
2 2 8578: SOS Se en a 406,315 363,204 


* Minnesota Crop Reporter, March, 1929. For the years 1920 to 1925, inclusive, final 
figures were used.. For 1926 and 1927, preliminary figures were used which have undergone 
slight revision subsequently as published in the reference cited. Numbers for 1910-1919 
estimated as explained in text. 


Table 51 


Monthly Percentage Marketings of Minnesota Lambs-Sheep, Based on 
Receipts (in Hundredweight) at Central Markets, 1920-1926 


Month 1920 1921 1922 1923 1924 1925 1926 Average 
MARGADVA SG cca To et —15.2 10.7 12.9 9.5 8.3 7.0 6.7 10.0 
WEDIUALY jowiew ee iss 8.9 6.8 6.5 4.8 4.2 3-4 4.2 sae: 

eMarch: <.....+ liyeers lis < 1.8 4.5 Bar 1.9 2.1 2.0 2.5 2.7 
CUTS E is op hss «Suc ata 1.7, 1.8 1.0 0.8 1.4 1.7 Tor 1.4 
US le Roe 1.4 2.2 1.4 0.9 1.0 1.0 0.5 1.2 
LRAEC! <5 bet een 1.6 2.9 2.3 1.6 1.4 TE 137 1.8 
UiOUS 2 cro Ree eee 3.5 3.2 5.8 4.4 ahs 3.8 3.2 3.9 
7ST Oa IA 7-5 12.1 14.6 9.8 9.0 10.4 Cee) 10.2 
September .......... 13}9 13.6 18.7 20.0 16.7 19.0 16.5 16.9 
October) 5.0... recta 8 19.9 14.7 21.6 23.1 21.6 22.0 20.0 
November .......... 18.4 13.9 11.8 14.8 16.4 17.5 17.9 15.8 


December .......... 8.8 8.3 vA 10.1 12.9 ims 15.9 10.6 
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The United Statés Department of Agriculture reports the prices 
paid to producers in Minnesota on the 15th of the month separately 
for lambs and sheep. The opinion of market specialists is that lambs 
and sheep are sold in Minnesota in the ratio of approximately 9 lambs 

to 1 sheep. In accordance with this, a composite price has been con- 
structed for “lambs-sheep,” in which the lamb price reported by the 
United States Department of Agriculture has been given a weighting 
of 9, and the sheep price a weighting of 1. The resulting composite 
price is shown in Table 53. 

Table 53 


Monthly Composite Price for Lambs-Sheep Received by Producers in 
Minnesota,* 1910-1927 
(Fifteenth of the month) 
(Per hundredweight) 


Month 1910 IQII 1912 1913 1914 1915 1916 1917 1918 
Pag aAGye <6 te vis at oles iere 5 $6.05 $4.07 $4.86 $ 5.84 $5.74 $ 5.84 $6.82 $ 9.64 $12.74 
LY eS i ee 6.05 4.87 5.06 5.84 5.87 6.04 FI 10.32 12.61 
WIGS TE) ep ythe eee 7.01 4.50 5.06 6.16 5.56 6.34 7.81 10.66 13.26 

JAprily nee eee ees 7.14 4.90 5.39 6.17 5.87 6.47 7.0% © ar.8r ~ 14,23 
RAYE eet endie sce sis wis os 6.37 4.59 6.04 5.78 5.95 6.74 ries See i 14.30 
WO Men Cries 2 Xs.dw Cee ss 6.45 4.86 5.74 5.98 6.23 6.98 8.18 11.60 14.19 
MAAR Te ois carrie clea 5.56 5.24 5.54 6.06 6.31 6.70 7.99 11.99 14.11 
DNC oe ee a 4.89 4.93 5-53 5.65 6.34 6.33 780)" T3142 Ferg 07 
EOPOMINET ceive esis ane 5.08 4.50 4.98 5.81 5.94 6.23 7.985 “r3505 24.10) 
DIGLODER netind...2% joss ows 5.16 4.59 5.07 5.63 5.83 6.34 7.68 13.40" 12.67 
INOVEMIDET, oa. ce ences . 4.98 4.49 5.16 5.65 5.74 6.42 7.89 12.80 12.43 
December! ai. hs... os 5.07 4.29 ait: 5.63 5-93 6.24 8.58 13.02 12.28 

Month 1919 1920 1921 1922 1923 1924 1925 1926 1927 
MADUATY2 oie ce isa $12.39 $12.81 $7.45 $ 7.33 $10.50 $9.04 $12.87 $12.60 $10.47 
WEDEGATY) Sey .faaciist\0% 12.43 13.60 7.18 9.13 10.25 10.45 12.67 11.81 I1.04 
Rc CHW Geis -\aicie sls + 510 13.05% ) 113450 7.22 0:04) “20.50 10.46). 22:88) 12.458 ues 
CASA learnt re sch Ne arfods iv sc Week eda. tO> .o33588 6.74 10.50 12.61 10.67 11.97 11.48 12.29 
EWES oe ee er +13-36 13.68 7.30 10.01 10.64 10.78 TlAgsry i204 12,18 
MEDIC aeistey a fis an oiciss v's se 13.03 12.01 6.70 9.60 10.69 10.10 II.30 11.86 12.36 
LOLS Si aoe ea eee 12.98 11.02 717 9.16 10.70 9.80 11.80 12.01 11.16 
BAUIOUESE. cls vic oo vemennnre 12.32 10.69 6.43 8.94 9.58 10.16 11.67 11.16 11.10 
September ........... 11.36 9.93 5.92 8.98 9.76 9.92 11.34 11.23 10.07 
MOBTGDELT crate) cele) se ase 0s 11,03. 10.64 5.61 9.58 9.36 0-76 11,68 “11-43 “10:08 
November.) ol 0.2. es 11.30 8.20 5.70 9.94 9.51 9.86 11.76 10.94 11.29 


December sate e sees 11.68 7.74. 6.69 10.58 9.39 II.02 12,82 TOs7 7) 10.94 


* Prices 1910-25, U.S. Dept. of Agr. Statistical Bull. No. 15. 
Prices 1926-27, current numbers of Crops and Markets. 
Composite price computed by a weighting of 9 to lamb prices, and 1 to sheep prices. 


Chickens 


Records of the pounds of chickens received monthly from Minne- 
sota at the Boston, Chicago, New York, and Philadelphia markets, are 
available from 1922 to 1926. In addition to these amounts, the urban 
consumption for the state has been estimated on the basis of the number 
of equivalent adult males in the state during these years. The method 
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by which the number of equivalent adult. males was derived has been 
explained in other sections. Urban consumption of chickens was taken 


at 6.85 pounds per adult male, which is the average annual consump- 


tion reported by the United States Bureau of Labor Statistics as a 
result of the cost-of-living survey of 1918-19 in the north central 
states. This amount of local consumption added to the receipts from 
Minnesota at the four eastern markets, constituted the estimated sales: 
of the farmers of Minnesota for each of the years 1922 to 1927. For 
the period 1922-1926, the average ratio was computed between the 
amount estimated as sold annually and the number of chickens on 
farms. This number is reported by the Bureau of the Census for 1910, 
1920, and 1925, and an estimate by straight-line interpolation was made 
for other years. This average ratio was then applied to the number of 
chickens on farms in each year from I910 to 1922 in order to deter- 
mine the approximate amount of sales by the farmers of Minnesota in 
these years. The number of chickens on farms and the amount of esti- 
mated sales are shown in Table 54. 


Table 54 


Number of Chickens on Farms and Pounds Estimated Sold Annually by the 
Farmers of Minnesota, 1910-1927 


Year Number of chickens Pounds sold 
ROMO os ars tanchar sso ca Pease sTR Tae case elo teli eran neaetene bie 10,293,849* 22,111,187 
ON are ata uc rai entce ever elem eve arena eens (oy aus schol Pet etre, 10,585,726 22,738,139 
EG LD les Saccesottexe vpze seats veneNaWeict ctounth fe leie ental a teieoeietie eteiereta 10,877,603 23,365,091 
STB Wises va ohare tc ene relehaee ak Ya fap Bs ver ato uate eae are 11,169,480 23,992,043 
ORAS ae, ateaer a tthe Svexalatel of cia taa ees ausislratals om igualle atau eens 11,461,357 24,618,994 
EES cease, wae eae Mee eacateh aad ehatta cel eiallol wbutajslalisvalanastepe 11,753,234 25,245,946 
5 NE oS A Selenite tie ee cee er SRE eH tir ee ty cle Ley ie 12,045,111 25,872,898 
BOD re goss ein raig at win atete mais taper tae oe oan caaneae eee 12,336,988 26,499,850 
bios aa em tae ae tra trate einen PEE ome ie ee Miata rae 12,628,865 27,126,802 
FOTO oe wiwiviens wie. elem iaielw sle's qe aisle wreheis le eee alelwys else 12,920,742 2757539754 
LOL eke th eaters aaa ated cane. cca us Paral Allows, one htheL is coe eA 13,212,619* 28,380,705 
LOM Sch at eee aM eane aheechs eralens eratsiawwietn eieielcts Sica aee Cine 13,851,711 29,753,475 
nC Rises ae Ser ata PRET PEO ASE ee ee SEG 14,490,803 31,126,244 . 
OEE a ee ie ne ee Re ee a er rE Sch, ay EMT 15,129,895 28,211,686 
Oe). GRA ENE BET A DE OOS IEE TOC e SE concn 15,768,987 33,267,766 
LO 25 isthe ai evan ace ait cet ate usta piste are teste tes enbheteteus uclove'(ol tiarave 16,408,080* 32,962,817 
RSF Bie aires png shit anes lar aha ea ah arate ca be see vee ele er 17,047,173 40,053,549 
Be pete sacs 1s betatatale cueup eine etext Meal Are ate ne eee 17,686,265 38,571,726 


*U. S. Census of Agriculture, 1910, 1920, 1925. 


The monthly marketings, beginning with 1922, were determined on 
the basis of the percentage which the receipts of each month from 
Minnesota at the four eastern markets constituted of the yearly state 


total. The average of these monthly percentages from 1922-26 was. 


taken as the basis for distribution for the years Ig10-1921. These 
percentage distributions are shown in Table 55. 


18 United States Bureau of Labor Statistics. Bull. 357, p. 112. 
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Table 55 


Monthly Percentage Marketings of Chickens Based on Receipts from Minne- 
sota at Four Eastern Markets,* 1922-1926 


Month 1922 1923 1924 1925 1926 Average 
DSSS 4 RSet: Caen enes Connie See 6.7 13.7 10.8 9.9 7.9 9.8 
ESE teh tots wi diel claie/a'e.0-.0, vo. vide, 5. BG 7.8 7.3 5.6 4.9 5.8 
LN he oS SRO eR OS Caos ee Renee 3.2 3.2 4.4 205 4.2 3.5 
PANERAI See etrtv ene falc sie =) ¢) «aye. 0's brs AO ee 2.2 2.2 22 1.8 2.4 2.2 
rr eee AI nie Cle cabtela die esc aie ves sts 2.2 1.7 I. 1.2 1.9 1.6 
Pe tea os clas) ss) sane avaiesee seo oo sce. e e's 4.1 1.5 Zi, 3.2 3-9 3i5 
Aa Re ey Set fat a ohh esta ove\e ete ehateae « 2.5 2.8 4.1 4.7 4.4 3-7 
TAISEN eer iarinildicty bse e vineless 2.8 ane, 3-3 5.1 5.1 3.8 
SS Clic. ego Otel Aneel er 3.2 3-4 4.7 5.2 6.3 4.6 
Ciel Se en Siig en ee ee 5.0 7.5 8.3 8.7 8.6 7.6 
LOE lst 7S Aaa eng Nee ee 21.4 19.5 20.6 21.4 23.5 21.3 
DSSS oS. 2 Sie NIE OG ote 43.1 33-9 30.5 30.7 26.8 33.0 


* New York, Boston, Philadelphia, and Chicago. 


Table 56 shows the amounts of estimated sales by months, on the 
basis of this distribution. 

The prices for chickens are for the 15th of the month, reported by 
the United States Department of Agriculture. These are shown in 
Table 57. 
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Table 57 
Monthly Farm Prices for Chickens Received by Producers in Minnesota,* 
IQIO-1927 
(Fifteenth of the month) 
(Per pound) 

Month 1910 IQII 1912 1913 1914 1915 1916 IQ17 1918 
MUTA AS Si aseiwl ecisesipie ecm oe $0.0903 $0.091 $0.085 $0.088 $0.102 $0.091 $0.097 $0.127 $0-155 
SDRAT yeaa sass <2 .094 .090 .088 .094 .100 1095 .102 130 .170 
arent ncaa +6 0% .098 -09I 093 -100 -105 .099 -108 +140 “175 
VATTT lias aetie cis aise .100 .095 .096 .102 +112 +104 .123 -152 .185 
VED saan totes atchayenn s.i<0 s'cls .100 .094 .096 »102 -1I4 .108 -118 +ESr 185 
PUERELE Maritain sieve njcie 60,0 +101 .090 .096 -102 -109 .099 ALG) -150 -184 
SPICY REA ere hetislinss,s),-1's:siu'io.e) -102 1094 .094 +114 -107 .I0I .120 .150 -195 
J OAULT OR .104 .098 .096 «114 Ae .100 .116 .150 .200 
PHCPTEMIDED obec sie esas .100 .094 .098 .114 -106 .104 .123 .167 .208 
COVES val eed a A .094 .088 .096 .103 .106 .098 «125 +154 -198 
November <6 cieteg...00s 0 .090 .082 .093 .098 .09L .092 -124 .130 -173 
A CEMADER Vy isicls 0% 1450; « 0.090 0.082 0.088 0.096 0.089 0.088 0.120 0.143 0.172 

Month 1919 1920 1921 1922 1923 1924 1925 1926 1927 
UOC She pene $0,184 $0.192 $0.200 $0.160 $0.140 $0.135 $0.158 $0.184 $0.177 
epiiate hse. cabs. i hi +183 +216 -200 -170 .140 +147 -170 .189 »I75 
Waa ot er eteleescaci's xa +195 -235 -200 .170 -150 .158 +174 -186 -176 
POISSON CU tE Stdvcless 0 isle ais -210 +240 «210 .180 +159 -159 .180 .202 .184 
AVP S td lc.riviatsc rises) + -230 .248 .190 -180 +157 .174 .183 .200 175 
SLOG Ai aS A ere +210 +220 .150 .170 -160 S357 .180 .194 -I51 
TO Ae -210 205 .170 .170 -150 .170 “D777 192 156 
PASTE Eemetectyars ate iovs.c10 's « +220 +232 -190 .160 .160 -178 -180 -185 -163 
September ....-..... +210 +240 .170 .160 .160 -183 .172 181 -162 
OCHO PERI pceeiee acces = af. SSO -200 -150 .160 .150 .164 -163 rE73 -158 
November... .....77. -160 -210 +140 +130 .136 -156 .150 -165 +159 
Mecempery neu ch DSO YOr200 0.050 0.330 10.127 0.25% 0.162 0.771 © “0.160 


* Prices 1910-25, U. S. Dept. of Agr. Statistical Bull. t5. 
Prices 1926-27, current numbers of Crops and Markets. 


Eggs 

Estimates of total egg production depend primarily upon census 
data. The census reports production for 1919 and 1924, and produc- 
tion for intercensus years has been estimated by straight-line interpola- 
tion. The average ratio between these estimated amounts of annual 
production and the number of chickens on farms was computed for 
the period 1919-1924 and applied to the number of chickens on farms 
for each year from 1910 to 1918, and for 1925, 1926, and 1927. The 
results were accepted as the production for each year in the period. 

Annual sales of eggs were estimated at 65 per cent of total produc- 
tion, which was the most accurate estimate obtainable. This method of 
estimating production and sales is admittedly faulty. It is substan- 
tiated reasonably well, however, for the period 1922 to 1925 by the 
receipts of eggs from Minnesota at the four principal eastern markets,’ 


‘plus an amount to cover urban consumption within the state estimated 


‘ . 
42 New York, Boston, Philadelphia, and Chicago. 
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at the rate of 15.86 dozens per equivalent adult male, which is the 
amount reported by the United States Bureau of Labor Statistics in| 
its 1918-19 cost-of-living survey in the north central states.2° Esti- 
mates of sales made in this manner average about 1,000,000 dozen per 
year less than the estimates made by taking a flat percentage of total 
production. It is believed that the figure for urban consumption is low, - 
because the equivalent adult male consumption estimate is derived from 
budgets of working people for whom eggs are more or less a luxury, 
particularly in the winter months. Neither does this method include 
the consumption of eggs in towns smaller than 2,500 population, nor 
receipts of eggs at other than the four principal markets. There must 
be appreciable amounts shipped from Minnesota to other cities. If 
such allowances as these could be incorporated, it seems likely that 
the estimates which have been made would be substantially verified. 
The figures presented in this section, however, should be considered 
as rough approximations only. The amounts sold by the farmers of 
Minnesota, estimated as above outlined, are shown in Table 58. 


Table 58 
Estimated Amount of Eggs Sold by Farmers of Minnesota, 1910-1927 
(Dozens) 
Year Amount Year Amount 
TODO? A) Pao shu ohn wince sade +o abguareny 29,099,166 TODO’ ss-cie%e 6 0) sel ete ohaher arene 37,639,899 
TOUT OR rave dite ce acteenta aitaretec oieones 30,165,084 TQZO ons) a es 0:2 wes oko 40,355,962 
TOUS PAs oc ae. Thee Cie NSS 31,244,283 TO ZL) wie craves sue) engi opeiers She oe 42,623,099 
LOLA id never sonaesarozeamicca mercies 32,336,762 TQ22) Siiclea! che an tes a eee 44,919,316 
LOLA wie eva cece eres yon ON ee 33,442,520 1923 ea sie wip bak selec ae 47,244,610 
POTS Cos canereeitooie aitaey: teen aWecetio kre can 34,561,559 TQ2A i v0, vic ene siete ee 49,609,020 
LODO wtistcaws unc, site n weeny erat 35,693,880 FOSS. laudaw vine vin 0 Se 51,982,438 
LOT Goatees sa ansie eal ovags ove errata re 36,839,479 TQ2G. 26 Scie no 0, pitcelenyete 54,394,972 


OD Sara atontrere aoe roe rere ec 37,998,360 1927 cei cwi atone 56,836,581 


The percentage distribution on which to base monthly marketings 
of eggs has also received considerable attention. The percentage which 
the monthly receipts from Minnesota at the Chicago, New York, Bos- 
ton, and Philadelphia markets constituted of the annual receipts is avail- 
able from 1922 to 1926. These figures, together with the average per- 
centage for the five-year period, are shown in Table 59. 


2% United States Bureau of Labor Statistics, Bull. 357, p. 112. 
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Table 59 
Monthly Percentage Marketings of Eggs Based on Receipts from Minnesota 
at Four Eastern Markets,* 1922-1926, and Receipts of Selected 
Co-operative Associations in Minnesota, 1925 


Percentages based on 


Receipts of four eastern markets from Minnesota eee = 
co-operative asso- 

Month 1922 1923 1924 1925 1926 Average ciations, 1925 
MAO EAV AMEN RY e hei, 50).6,3' 2.1 2.0 get 1.4 3-5 2.4 2.6 
WCHEUAEY Sain nile» sc coe 2.2 1.9 3.8 3.5 3-5 3.0 5.6 
VICE Lsom atatratn. ahaisl @ a 0’: Ne 3.5 5-4 9-5 8.5 7.7, 6.9 13.8 
PANEL MESsticeaties pny Sse )'<hies a 5.7 11.8 16.6 Le 16.7 Tees 19.3 
tet ciate cisvers esse, 2355 20.2 18.6 16.2 17.9 19.3 15.7 
Wiese tieteseray seein alss sis ay 6s 17.8 18.3 13.6 15.4 17.2 16.5 13.6 
UGE ER etait 0a pie ceses.siu. c.0%8 11.2 11.4 11.4 10.7 10.0 10.9 10.1 
ATROS EMR ibys 4 (i'd 2e0s:ole as 9.6 9.3 7.8 9.5 8.9 9.0 8.7 
MCPCCMUDEL, —.nie5c o/c 8.2 8.4 7.3 8.5 7.7 8.0 6.0 
RACEGD EL ile kina sts = wis x 4.0 6.2 4.8 4.4 3.6 4.6 2.0 
ING VERDE fics bs cs 'clo-s 1.8 3.0 2.0 2.4 1.6 2.2 0.7 
December wries ss cs ee 1.0 2.1 1.5 2.4 er 1.7 1.9 


* New York, Boston, Philadelphia, and Chicago. 


Additional information for 1925, on the monthly marketings of the 
farmers who delivered eggs to co-operative associations, was also avail- 
able. The receipts of nine of the associations which had functioned 
during the entire 12 months of 1925, resulted in the distribution shown 
in the last column of Table 59. This distribution confirmed the opinion 
of those who have followed egg-marketings that in recent years there 
has been more and more of a tendency for the peak of marketings in the 
early spring and summer months to flatten cut and for marketings in 
February and especially in March to be larger than formerly. From 
the information at hand, it was decided to estimate the amounts sold 
each month by applying the percentage distribution of the last column 
in Table 59 to the estimated annual sales of eggs for the years. 1924, 
1925, 1926, 1927, and for the years before 1924, the average percentage 
of receipts at the four eastern markets. 

When the percentage distributions were applied to the estimated 
annual sales of eggs, monthly sales of the amounts shown in Table 60 
resulted. 

The prices for eggs used in this study are those reported for the 
15th of the month by the United States Department of Agriculture. as 
shown in Table 61. 
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Table 61 


Monthly Farm Prices for Eggs Received by Producers in Minnesota,* 
IQIO-1927 
(Fifteenth of the month) 
(Per Dozen) 


Month T9I0 IQ1I 1912 1913 1914 1915 1916 1917 1918 
ARIST ATV Sah 'c cic dais (eee $0.29 $0.26 $0.30 $0.24 $0.28 $0.31 $0.29 $0.35 $0.44 
EDEUNALY. Gicc ce secs cve +25 .20 .28 ake .26 -26 .28 +35 44 
IEA ROR Rieter ci sca.) pista:s sie -20 2! ‘22 18 .21 .18 18 pe -31 
DASMEULIMETENS Misiass ie ¢ o.6.s\0'e's 18 -14 -16 .16 .16 -16 18 2 «30 
PE eA, oii o.20s;0\0\ «las 18 +14 .16 116 -14 .16 .18 +30 +30 
BRST. ais xe ea cep < Sen eee +13 16 -16 16 Rs 18 «30 Bt 
RUG y she seas. s eixcattesttetate 16 +13 16 -16 17 .16 «19 .29 -32 
ON NASEAT EE a a inl die, sis) ores) s .16 15 17 nay 19 -17 125 30 34 
September cass ce ges 18 By, -19 .20 21 -18 as 34 -36 
ELOUOT aie se tess slis: | 222 +20 .22 +23 123 .22 129 +35 41 
INBVERIDEr seve cn tess .25 .24 -26 .29 .26 27 33 37. -46 
WCCEMB Cr Fo cies cso es 0.28 0.28 0.26 0.30 0.30 0.31 0.37 0.41 0.56 

Month 1919 1920 192 1922 1923 1924 1925 1926 1927 
MIGROSVARA? Cera leiale sie 's e-nis.e 6 $0.52 $0.57 $0.51 $0.27 $0.36 $0.30 $0.44 $0.32 $0.34 
RODE EA Mert aciers icf sucisieie.s ~32 48 .28 38 35 -30 33 .26 .28 
RRND cg as os eis ob a:0 32 -40 .26 i2t +25 18 .20 a8 2 
JSGSEMS SAGAS ake a 36 36 21 21 oat 17 .24 25 .20 
2 A eee -39 Pes «17 +20 «at -19 +24 24 +19 
SIRTSSSMME Ne circis ony (6.0.8 » 0,210 34 34 .18 -20 19 -20 .26 25 -16 
Wey reste sic. Beet eis 35 34 24 .19 18 .21 .27 24 .19 
PATI E rayon gk sce me aves nog -41 +25 18 121 24 .29 .24 <2t 
September ........... -39 45 +27 .24 .26 -30 .26 +30 ness 
FVCEO BET Mimeié cys oreo 6 0)010 « 2 gS. 550 -38 +31 +30 36 +34 +35 13 
WOVEMDES oc cs2 sce se 57 58 45 38 38 -41 42 -41 36 
December ....... Sinte wx 0.08 0.65 0.49 0.45 0.40 0.46 0.42 0.44 0.41 


* Prices 1910-25, U. S. Dept. of Agr. Statistical Bull. 15. 
Prices 1926-27, current numbers of Crops and Markets. 


Butterfat 


Estimates of the quantity of butterfat sold were derived from the 
annual reports of the Minnesota State Department of Agriculture, 
Dairy and Food. For the most part, the pounds of butterfat received 
annually by the creameries of the state were available. For 1926, the 
estimate of the amount of butterfat sold by farmers had to be made 
before the figures of the Dairy and Food department were compiled, 
and the increase in receipts of the Land O’Lakes Creameries, Incor- 
porated, in 1926 over their receipts in 1925 was taken as representa- 
tive of butterfat sales in general and applied to the 1925 figure for 
_ the state in order to determine the total estimate for 1926. Such an 
estimate. was essential if 1926 was to be included in the base period. 
A subsequent check on this procedure showed a difference of only 
about 2 per cent in the figure thus secured and the one which would 
have been computed later from the records of the Dairy and Food 
department. In 1927, the estimate of butterfat was derived from the 
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total pounds of butter manufactured by Minnesota creameries as re- 
ported by the Dairy and Food department. From these annual amounts 
of butterfat received by Minnesota creameries, the amount estimated 
to have been resold to farmers, has been deducted. This item varies 
from 5.04 per cent of creamery receipts of butterfat in 1910 to 5.65 per 
cent in 1927.21 The deduction was made because this amount did not 
represent a real sale but merely a trade of butterfat for butter, and 
consequently was not a factor in cash income. Cream retained at home 
for the production of butter would not be considered, and, from the 
standpoint of cash income, this “resale” of butter seemed more closely 
related to the home production of butter than to a sale-and-purchase 
trarisaction. The amount remaining after this deduction represented 
the approximate sales of Minnesota farmers. The method is faulty in 
assuming that the butter and butterfat reported by Minnesota cream- 
eries constituted sales of Minnesota farmers only. No data are avail- 
able to show how much may have been shipped to Minnesota cream- 
eries from farmers outside the state, or how much the farmers of 
Minnesota may have shipped to creameries outside the state. The 


Table 62 


Receipts of Butterfat by Minnesota Creameries, Amount Resold to Farmers, 
and Amount of Actual Sales by the Farmers of Minnesota, 1910-1927 


(Pounds) 

Receipts by 

Minnesota Amount resold Amount of 
Year creameries* to farmers actual sales 
GLO wate ers CHE etevot sib lade tataressishatare stsieraieveieteieie 80,637,000 4,066,524 76,570,476 
POUT Ae sate onary ana wecarel sea wis toil oCete te ta etal w ideuil 82,342,000 4,182,150 78,159,850 
ROI em Nee eat en PS ICU MPLA CCM OL RT 96,679,000 4,944,164 91,734,836 
TO sUig apts Greed cious ecole sans bare Team eRe rvs, o «eRe Zotar sys fal 101,647,000 5,234,820 96,412,180 
OMA oar basse aca aol iri vl sicntonal slaletehe eco) She TNFa ls 99,397,000 5154,728 94,242,272 
EQURL Moiataber ayers si oaotesersrowt nse) Srawts ccadebavelevel sisis 103,237,000 — 5,390,004 97,847,000 
BGP Grek evain as otata ta ta aisha! atatetane tesa sl eaie Fieleinialte 108,383,000 5,697,694 102,685,310 
Li Osler are) sane ee gsaas for vig stat viciuiaveteystekciarete ras 99,672,000 53275,639 94,396,361 
LOT Seer Jaycee arate haPaie olfelit ala) e/eyeheseis Lede (a'evefelety 107,902,000 5,749,019 102,152,980 
MIO! A wane ice wn ictes vite nete lehble fete ok dicohelcatiel ahh aah 116,117,000 6,228,516 109,888,480 
CLS 0 i Vee ee ORC MRPUE ee HON RED aS Lee MICK Ae 113,066,000 6,105,564 106,960,440 
LQSN Ae ctw pottee tenes cle elec eaenomalie vitals sce tol Meneraceae 137,734,000 7,487,220 130,246,780 
MT QAB | oat azaiaioraveRare vena alt ehevettefelousielevehpeucyeelane 157,322,000 8,607,087 148,714,130 
BOZO bari aeshescus ost eve ete uetelahe, crakeltae ststonee) reed 178,073,000 9,806,480 168,266,520 
MOAR” Get arti et Aste toetocettanratonrs rar sfuly a erthele 202,612,511 11,228,785 191,383,720 
ROSE wtaeesrcispeteatstntst sersyote ny eial alae vape Cokerets lah ste 208,895,772 11,652,206 197,243,566 
BOA aratigrazas si Wrete Maier Aah wieest vers tals folie evils whence « 209,731,445 11,774,323 197,957,122: 
TOE arena ln caus aback, wet ene ten lesahs hebeeeda ovale aeons 220,309,868 12,447,504 207,862,364 


* When available, these amounts have been taken from annual reports of the Minnesota 
State Department of Agriculture, Dairy and Food. If not available at the time required, 
receipts were estimated by the methods outlined in the text. ‘fre 

21 Business Practices and Management Problems of Creameries (mimeographed), Air D. 
Black, Paul L. Miller, B. A. Holt, University of Minnesota, pp. 60-62. In a study of the 
distribution. of 20 million pounds of butter produced by 87 Ses ae creameries in 1919 and 
1920, an average of 5.4 per cent was sold to patrons. 
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assumption that the amounts approximately balance probably leads 
to no appreciable error. i 

The amounts of butterfat received by Minnesota creameries, the 
amount deducted for resales to farmers, and the amounts representing 
the sales of the farmers of Minnesota are shown in Table 62. 

The monthly production of creamery butter in Minnesota from 
1921-1925 has been used as a basis for the percentage distributions of 
annual sales for this period. For 1926 and subsequent years, the per- 
centage distributions have been based on the number of pounds of 
butter inspected monthly by the Land O’Lakes Creameries, Incorpor- 
ated. These percentages are shown in Table 63, together with an aver- 
age for 1921 to 1926, which was applied in the period prior to 1921. 

The monthly sales of butterfat, as thus estimated, are shown in 
Table 64. 

Table 63 


Monthly Percentage Marketings of Butter Based on Production of Creamery 
Butter in Minnesota, 1921-1926 


Month 1921 1922 1923 1924 1925 1926 Average 
AMARA ee lely) oleir ses vse es ces Sees 6.6 8.6 6.6 7.0 8.3 7.5 
PSTEIR AUER cial sliie'a o, sysve eis s 2 6 sis 5.6 6.7 6.5 76 6.8 8.7 6.9 
SIGIR 33 200 Se AU 6.6 7.9 8.1 8.0 7.8 10.5 8.2 
MMMM ereiycyccrs is isis cues + s.0* Vite Chee} 7.8 8.1 8.3 9.9 8.1 
CUE ees (ctetelgic suxis,chs e-s.c.0 eae 10.9 11.4 10,1 9.5 10.5 10.9 10.6 
DEMME GS Sctelots idis-sco\p/ss vee 13.8 13.4 12.3 11.4 12.4 11.6 12.5 
AVES S.C iC ean Ti 12.1 10.9 11.7 11.8 9.7 gee 
PAPI PSSM Risin ei, sie s.0's 0.8 oe 8 10.8 Q.1 9.4 10.9 9.2 7.6 9.5 
SHu SSS Se ee 8.3 FA 7.4 7.9 7.1 6.0 7.4 
(CaM se 0 See IRD Ogee Cees 753 6.2 6.6 6.7 6.5 5.1 6.4 
ISlaiyaretsee 15908 Ge OA een 6.1 5.4 5.8 5.3 5.8 5.0 5.6 


ID EYCOTT SO CIEL SOIR TCR ene 6.7 6.0 6.5 6.6 6.8 6.7 6.5 
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Since September, 1920, the prices used for butterfat are those of 
the 15th of the month reported by the United States Department of 
Agriculture. Previous to September, 1920, the monthly price of butter- 
fat in Minnesota was assumed to be equal to the average price of 92 
score butter in New York. ‘This relationship was found to be approxi- 
mately correct for the period 1920 to 1926, when prices of both Minne- 
sota butterfat and 92 score butter in New York were available for 
comparison. Table 65 shows the price used for butterfat in Minne- 
sota, which is a combination of the two series mentioned. 


Table 65 


Estimated Prices for Butterfat Received by Producers in Minnesota,* 
IQI0-1927 
(Per pound) 

Month 1910 1911 1912 1913 1914 1915 1916 1917 1918 
CURA INT ER a TevatovGieo\s ahs e's $0:33 $0.26 $0.39 $0.35 $0.33 $0.34. $0:33. $0.40 $0.52 
Dt 3 ee -30 -26 32 -36 .29 a2 -34 -44 .50 
MVMSATIC EMMIS ca usin a 4anscacae +33 124 31 137 .28 30 37, 42 -44 
ARS SS TN a8 Op Aenea a3T 21 33 35 25 31 .36 44 42 
RATA cist aT egeielash i are Gse-8 .28 22 30 -29 .26 .29 aR? -40 -42 
Te ee .28 .23 .27 28 .27 .28 30 39 -44 
WARNE eclelclalt ie! sone ae « -28 .25 27, 127 .28 £77) .29 39 45 
CARER E ME ate fais clea s alesse -29 .26 “27 .28 -30 .26 oi 41 -46 
September ........... 30 ne 30 «32 «31 .27 a 44 56 
MOISE glee! <5 a'ob: <'s.0 .30 .30 AB “31 32 .29 35 45 -58 
Movember 2 itees c-aie Gx 34 +34 34 735 Ace 39 -46 -63 
December ............ 0.30 0.37 0.37 0.36 0.34 0.35 0.40 0.50 0.69 

Month 1919 1920 1921 1922 1923 1924 1925 1926 1927 
VE he es $0.62 $0.65 $9.47 $0.38 $0.50 $0.54 $0.41 $0.47 $0.52 
EDU MALV irs etaass's'sv0.1e aie 52 .66 -43 137, -46 53 Aes 45 -51 
RUE AECINC Nye sip evetioisis «oe ka 6 -62 67 .43 36 47 -49 -43 45 or 
Ae oo scces. Pee cote” 64 7 42 +34 47 +41 42 43 51 
PIAL Y Merete cls Wiese ce < ole .58 -61 +29 -34 41 38 -41 -41 48 
AUTEM etta eset ovale sass: sixs one ASH .28 +34 38 37 42 42 -44 
JEU “ovh Aa aaa oeereaEe 53) “57, 33 +35 “V4 +39 42 -41 44 
POASAUSE MERE «ccs ales 's 0G 410° 155 “55 -39 +34 -40 +39 +43 41 -43 
September ......0 500% +59 +57 +39 +35 -43 38 44 -43 45 
PTOUCE Mellen cc pices cies 68 .60 -40 38 -46 ey .49 -46 -48 
WWovember: 5. sje... ss. Ft Sy -42 +44 -50 38 -49 .48 -49 
Wecembere. 6.21. eROWTe 0.56 0.41 0.50 0.53 0.43 0.52 0.52 0.52 


* January, 1910, to August, 1920, price of New York Extras, 1926 Yearbook of Agri- 
culture. September, 1920, to December, 1925, price received by producers (fifteenth of the 
month), U. S. Dept. of Agr. Statistical Bull. 15; 1926-27, current numbers of Crops and 


Markets. \ 
Milk 


‘The amount of fluid milk sold by the farmers of Minnesota was 
estimated by combining the sales within the Twin City area, the sales 
in Minnesota cities outside the Twin City area, and the sales to cheese 

factories. The basic data were such that the separate computation of 
milk in each of these divisions was feasible. Estimates of urban con- 
sumption of milk furnish the basis for the amount of milk sold by Min- 
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nesota farmers. Urban consumption for the Twin Cities was determined 
by reducing the population to adult male equivalents, by a method similar 
to that previously explained, and applying a consumption figure. Sev- 
eral sources were consulted in the effort to determine consumption per 
equivalent adult male in the Twin Cities. The basis for the estimate 
finally adopted was the per capita consumption of milk in Minneapolis 
for the years 1912 and 1923.2? These per capita estimates of consump- 
tion were reduced to the basis of consumption per equivalent adult 
male, and straight line interpolation used for the intervening years. 
The same annual increment of change was used to extend the figures 
back to 1910 and forward to 1926. As thus estimated, the consump- 
tion of milk per equivalent adult male in the Twin Cities ranged from 
325 pounds in 1910 to 349 pounds in 1926. 

After the total milk consumed in the Twin City area was estimated 
in this manner, the amount of milk sold to distributors?* by the Twin 
City Milk Producers’ Association was subtracted. The difference rep- 
resented the amount of milk sold in the Twin Cities that was received 
from sources other than the association. To this difference was added 
the total milk received by the association. This would include not only 
the milk that organization sold to distributors within the cities but 
also milk sold in the area that was disposed of in other ways. This 
sum, which could be computed for the years 1918 to 1927, represents 
the total milk sold by farmers in the Twin City area. Before 1918, 
the first full year of operation of the Twin City Milk Producers’ Asso- 
ciation, the milk sold in the Twin City area was assumed to equal the 
total consumption of milk in the Twin Cities, estimated on the basis 
of population and the consumption per equivalent adult male. The 
estimate based on this assumption fails to include any surplus taken 
care of by individual dealers. 

Sales of milk for the area outside the Twin Cities were estimated 
as follows: The total annual population of cities and towns of more 
than 2,500 population in 1920 was determined for each year by means 
of interpolation between census years. The annual population was re- 
duced to adult male equivalents and the consumption of milk was 
derived by applying an annual consumption of 340 pounds per adult 
male to the total adult male equivalents for each year. Sales were as- 
sumed to be equal to consumption. 

The annual amount of milk purchased by cheese factories within 
the state is reported by the State Dairy and Food department, or can 
be computed approximately by the amount of cheese manufactured. 

2C. M. Jones, The Milk Supply of Minneapolis, Bull. 53, State Dairy and Food Come 


mission, p. 5; and 1925 Yearbook, Franklin Co-operative Creamery Association, p. 33. 
28 Twin City Milk Producers’ bulletins. 
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The sum of these three estimates represents the total amount of 
milk sold annually by the farmers of Minnesota. These amounts are 
shown later as the totals in Table 67, where they have been distributed 
according to months. 

The reports of the total amounts of milk handled by the Twin City 
Milk Producers’ Association were available by months in their original 
form. In the case of annual figures, or estimates of consumption which 
had to be made on an annual basis, it was necessary to apply a monthly 
percentage distribution before the various figures could be combined to 
form the total sales of milk. The amount of milk sold in the Twin 
Cities which was secured from other sources than the Twin City Milk 
Producers’ Association was distributed according to the percentage 
which the sales to distributors by the association for each month were 
of the total annual sales. The milk used in cities other than Minne- 
apolis and St. Paul was distributed according to the average of the 
above percentages for the period 1918-1926. In the case of milk sold 
for the manufacture of cheese, it was thought advisable to make the 
monthly distribution on the basis of the average percentage which the 
amount of milk received each month by the Twin City Milk Producers’ 
_ Association was of the total annual amount, rather than on the basis 
of their sales to distributors. The average percentage distributions of 
the two series are shown in Table 66. 


Table 66 
Average Monthly Percentage Marketings of Milk, 1918-1926 


Based on T.C.M.P.A. Based on total amount 
sales to distributors handled by T.C.M.P.A. 
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The monthly average prices of milk are the weighted average prices 
paid producers for milk of each of the three divisions, weighted by the 
amounts of each sold by producers. From April, 1917, to December, 
1927, the monthly price of milk in the Twin City area was assumed to 
be the price paid producers by the Twin City Milk Producers Associa- 
tion. The monthly price of milk outside the Twin City area from April, 
1917, to December, 1927, was taken as the average price paid producers 
in the West North Central States reported in Crops and Markets and 
previous publications of the United States Department of Agriculture. 
Prior to these periods the price of milk for both areas was computed 
according to a formula relating the price of butter to the price of milk. 


Table 68 
Monthly Weighted Price of Milk Received by Producers in Minnesota,* 
IQIO-1927 
(Fifteenth of the month) 
(Per hundredweight) 


Month 1910 IQIt 1912 1913 1914 1915 1916 1917 1918 
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Lil oh. ieee 1.36 Leu, 1.36 1.37 1.35 1.41 T.57 1.95 2.28 
OSS es Jee 1.38 1.25 1.38 1.35 1.41 1.39 1.54 2.17 2.35 
PAIEUIRE ey otc biett- ox 0) so 055) 8 1.42 1.30 1.39 1.40 1.49 1.37 1.62 2.30 2.50 
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Month 1919 1920 1921 1922 1923 F924 1925 1926 1927 
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* Prices include those of Twin City Milk Producers’ Association, those reported by 
Crops and Markets for the west north central section, those of the State Department of Agri- 
_ culture, Dairy and Food, and others, weighted by amounts of milk sold, as explained in text. 
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_ The annual average price paid producers for milk sold to cheese 


_ factories is reported by the State Department of Agriculture, Dairy 
and Food. It was assumed that the monthly price of milk sold to 


‘cheese factories varied from the annual average in the same propor- 
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tion that the price of cheese at New York varied from the average 
annual price of cheese. Prices of cheese used as a basis for determin- 
ing these monthly variations in the milk price were obtained from the 
New York Produce Review. The weighted price of all milk, derived 
as explained above, is shown in Table 68. . 

The data of prices and quantities of milk sold as herein estimated 
are undoubtedly subject to considerable error. However, no more satis- 
factory method of their determination has been found. Actual reports 
of sales are not available. Census data of milk sales are doubtless too 
low, according to statements of the bureau itself. Hence, it was found 
necessary to devise methods of estimation based upon sources other 
than the census. ' 

There is some duplication of reported sales, because part of the 
milk received by the Twin City Milk Producers’ Association eventually 
finds its way into butter or cheese production and is reported there, 
also. On the other hand, no attempt is made to estimate the amount 
of milk sold in towns of under 2,500 population. Neither has any 
attempt been made to include amounts of farm butter, buttermilk, 
homemade cheese, and other dairy products sold by farmers. These 
items are small and are continually becoming of less importance. The 
duplications and omissions in dairy products tend to offset one another. 
It is probable that omissions more than offset duplications. It was also 
assumed that the amount of milk and cream» shipped into the state 
would balance that which is shipped out of the state by farmers. No 
data are available to prove this assumption, but estimates of dairy 
specialists indicate that the two about offset each other. 
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